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COUNCIL NOTES.

ITEMS OF INTEREST FROM THE
COUNCIL MEETING OF
JANUARY 10, 1918.

Local Bepresentatives.

The General Secretary presented to

Council a pleasing report of progress

among the local representatives of the

Society. At this time there are thirty-

one representatives of the Society active-

ly engaged in fostering good lighting

propaganda in various sections of the

country. The w^ork so far undertaken

by them includes co-operative efforts

with state and municipal authorities in

preparing lighting codes, the presenta-

tion of lectures on illumination, acting

as delegates to certain conventions and

meetings at which the Society has been

asked to be represented, and in arrang-

ing meetings of civic organizations for

the purpose of directing attention to

good lighting principles and practice.

Much good work has been accomplished

in this way. Our local representatives

are to be congratulated upon their work.

Mention of specific meetings and other

activities are made in other columns
of this issue, and in preceding numbers
of the Transactions.

Transfer to Full Membership.

At this time Council is giving careful

consideration to the eligibility of asso-

ciate members for transfer to the higher

grade of member. Certain men of the

lower grade who have practiced the

science and art of lighting through

several years of associate membership
in the Society have attained sufficient

knowledge to entitle them to be classi-

fied as experts in certain fields of illum-

inating engineering. Other associate

members, who have been proficient in

specialized branches of the art and who
now have executive direction and super-

vision of important lighting work should

also be considered for the higher grade

of membership. To all who hold the

grade of member, the Society has given

careful and consistent attention to their

qualifications before entrance or trans-

fer. The constitutional requirements,

which define the degree of technical

knowledge, important contributions to

the art, or period of employment in work
having a direct bearing on illumination;

have ensured for men who are classified

as members, a professional standing that

is of material importance in their busi-

ness associations. It is to be hoped that

some careful thought will be given by
associate members to the desirability of

transfer to the higher grade.

Legislation on Lighting.

Steady progress is being made by the

Committee on Lighting Legislation,
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through its sub-committees, in co-operat-
ing with state authorities for the pre-
paration of Hghting codes. Special men-
tion was made at this meeting of the
Council of the sub-committees w^orking
on codes in co-operation with officials

of the States of Wisconsin, Ohio, Penn-
sylvania and New Jersey.

Annual Convention Details.

The advisability of holding an annual
convention was referred to the Com-
mittee on Time and Place M-hich was
appointed at this meeting of the Coun-
cil, and was requested to make its report
on this subject at the Council meeting
of February 14th.

New Members.

Upon recommendation of the Board
of Examiners the following applicants
were elected to membership:

Six Associate Members.

Bonner, John J.,

Special Factory Representative,

Welsbach Co.,

Gloucester, N. J.

Ewing, R. E.,

Designer,

Welsbach Co.,

Gloucester, N. J.

Hartman, Leon Wilson,
Professor of Physics,

University of Nevada,

215 Maple, Reno, Nevada.

Gai^lagher, Francis A., Jr.,

Narragansett Electric Lighting Co.,

Turks Head Building,

Providence, R. L
Perry, Ai,een M.,

Technical Editor,

Electrical World,

36th Street & loth Ave.,

New York, N. Y.

Stetser, Jesse R.,

Special Factory Representative,

Welsbach Co.,

Gloucester, N. J.

SECTION ACTIVITIES.

Attention of all members is called to
the meeting of the Society to be held
in New York, Feb. 14, 1918. See an-
nouncement on page facing page i of
this number.

SCHEDULE OP MEETINGS
{Announced to the General Office prior

to publication. Subject to revision.)

CHICAGO.

February 21—"The Lighting Art, Its

Practice and Possibilities in Inter-
iors," by M. Luckiesh.

ne:w i:ngi,and.

Announcement pending.

NEW YORK.
February 14—Meeting canceled to allow

members to attend the meeting of the na-
tional body on this date.

PHII^ADELPHIA.

Announcement pending.

PITTSBURGH.
Announcement pending.

CHICAGO SECTION.
Section Meeting of January 17, 1918.

A meeting of this Section was held
on the above date. Thirty-eight mem-
bers and guests were in attendance.
The attendance M^as small due to the
fact that severe weather conditions and
the electric club dinner and dance oc-
curred on the same evening.

Mr. W. A. Durgin gave an illustrated

lecture on "Balancing the Light Beam"
with many ingeniously constructed
special apparatus. Mr. Durgin demon-
strated the principles of photometry.
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He laid special emphasis on the inability

of the eye to judge brightness values

with any accuracy and of the relatively

very low order of precision of all photo-

metric measurements. The construction

and use of numerous types of photo-

meters was explained and the details

were shown of the Sharp-Millar and

Macbeth portable photometers, the foot-

candle meter and the new relative

brightness meter or comparator which is

now being developed by Mr. Durgin.

The lecture was discussed by the fol-

lowing: Mr. E. H. Freeman, Chair-

man; Mr. J. R. Cravath, Mr. A. L.

Arenberg, who called attention to the

numerous precautions that must be taken

to enhance the accuracy of all light

measurements.

Mr. Durgin admitted such work is

rough, but usually answered all purposes

if it shows the order of intensity or

brightness. He further called attention

to the fact that, after all, too much
stress has been laid on the comparative

efficiencies of competitive lighting equip-

ments, and not enough on their rugged-

ness, maintenance, ease of cleaning and
other important operating features.

NEW ENGLAND.

Section Affairs.

Mr. T. H. Piser, Vice-president of

this Section reports in a recent letter to

the General Office, that Chairman, S. C.

Rogers has returned from a protracted

business trip and will now "make plans

to push the affairs of this Section."

Mr. H. F. Wallace has been appointed
as Chairman of the New England Sec-
tion Membership Committee and, as

such, is a member of the National Com-
mittee on Individual Membership.

NEW YORK.

Section Meeting of January 10, 1918.

About seventy members and guests
enjoyed Mr. L. B. Marks' abstraction of
the Code of Lighting School Buildings.

Mr. C. B. Snyder, Superintendent of
School Buildings, Department of Edu-
cation, City of New York, discussed the

practical application of the Code.
Among the guests were members of

the National Educational Association,

and others interested in school lighting

problems. An enthusiastic and instruc-

tive discussion followed the presenta-
tions.

A number of the attendants dined in-

formally at Healy's Restaurant preced-
ing the meeting.

PHILADELPHIA.

Board Meeting of January 4, 1918.

Reports of progress from the Chair-
men of the Exhibition and Papers Com-
mittees were received. The latter Com-
mittee proposed tentative programs for

the February, Alarch, April and May
meetings, and were instructed to proceed
with final arrangements.

Mr. R. ff. Pierce was chosen as the

Section's representative on the Council
to act for Dr. G. S. Crampton, during
his absence in patriotic service for the

Government.

Section Meeting of January 10, 1918.

A joint meeting of the Franklin In-

stitute, the Physics Club of Philadelphia,

and the Illuminating Engineering So-
ciety was held at the Franklin Institute.

The meeting was opened by Dr. George
A. Hoadley, Acting Secretary of the

Franklin Institute, and was then turned
over to Walton Forstall as Chairman
of the Philadelphia Section of the

Illuminating Engineering Society. The
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paper of the evening was on "The

Physics of the Welsbach Mantle." The

lecturer was Dr. Herbert E. Ives, for-

merly physicist of The United Gas Im-

provement Compan}^ but now Captain

in the Science and Research Division of

the U. S. Signal Corps, specializing on

photography in relation to aviation.

The lecture dealt with the nature of

radiation, with special attention to

selective temperature radiation. The

radiation from various oxides and oxide

mixtures, of which the Auer mixture

of thoria and ceria is the most efficient,

was discussed in detail, and the be-

havior of the ordinary gas mantle eluci-

dated. The lecture was illustrated by

experiments and lantern slides. The

auditorium was crowded to the doors

by an audience whose deep interest in

the lecture was best attested by the

numerous questions put to Dr. Ives

when the meeting was thrown open for

discussion.

COMMITTEE ACTIVITIES.

Committee on Nomenclature and

Standards.

A meeting of this Committee was held

on December 13th in the Engineering

Societies Building.

After consideration and discussion on

certain paragraphs of the 191 7 Report

the following revisions to this report

were adopted

:

Paragraph 16 of the 191 7 report shall

be omitted.

New Paragraph 16

:

16. Brightness of an element of a

luminous surface may be expressed in

either of two ways: (a) in terms of

intensity, i, (b) in terms of flux, F.

(a) Brightness in terms of the lumin-

ous intensity i (or candlepower) per

unit of projected area of the surface

(candlepower brightness) corresponds

to the

defining equation di = -r: ;;^ aS cos 6

where is the angle between the normal

to the surface and the line of sight.

(b) Brightness in terms of the flux, F,

per unit area of the surface, on the as-

sumption that the surface is a perfect

diffuser ; i. e., that it obeys the cosine law

of emission or reflection (lumen bright-

ness) corresponds to the defining equa-

tion ^F = -p: (perfect diffusion assumed).

The units in which brightness is

measured according to (a) and {b)

differ only in numerical value. See

Paragraph 17.

17. Lambert, h, The unit of bright-

ness in the lumen system. The lambert

is the brightness of a perfectly diffusing

surface emitting or reflecting i lumen

per square centimeter. For most pur-

poses the milliiambert, 0.001 lambert, is

the preferable practical unit.

To say that the brightness of a sur-

face as viewed from a given point is n

lamberts, signifies that its brightness is

the same as that of a perfectly diffusing

surface emitting or reflecting n lumens

per square centimeter.

In practice no surface obeys exactly

the cosine law of emission or reflection

;

hence the brightness of a surface gen-

erally is not uniform but varies some-

what with the angle at which it is

viewed. A perfectly diffusing surface

emitting i lumen per square foot will

have a brightness of 1.076 millilamberts.

The brightness expressed in candles

per square centimeter may be reduced

to lamberts by multiplying by ^ = 3.14.

Brightness expressed in candles per

square inch may be reduced to lamberts

by multiplying by tt -4- 6.45 =: 0.487.

Old Paragraphs 18, 19 and 20 shall be

omitted.
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The following new definitions were

adopted

:

Types of illumination produced on a

surface :

—

(i) Unidirectional illumination on a

surface is that produced by a single

light source of relatively small dimen-

sions. It is characterized by the fact

that a small opaque object placed near

the illuminated surface casts a sharp

shadow.

(2) Multidirectional illumination on

a surface is that produced by several

separated light sources of relatively

small area. It is characterized by the

fact that a small opaque object placed

near the illuminated surface casts sev-

eral shadows.

(3) Diffused illumination is that pro-

duced either by primary or secondary

light sources having dimensions rela-

tively large with respect to the distance

from the point illuminated, and scatter-

ing light in all directions. It is char-

acterized by relative lack of shadow.

Diffused illumination may be derived

principally from a single direction as in

the light from a skylit window, or from
all directions as in the open air. Per-

fectly diffused illumination on a surface

is shadowless.

In any practical case of illumination

on a surface there is usually a mixture

of the above types.

Surfaces and media modifying lumin-

ous flux:

Diffusing surfaces and media are those

which break up the incident flux and
distribute it more or less in accordance
with the cosine law, as for example
white plaster and opal glass.

Redirecting surfaces and media are

those which change the direction of the

luminous flux in a definite manner, as

for example, a mirror or a lens.

Scattering surfaces and media are

those which redirect the luminous flux

and break it up into multiplicity of
separate pencils; as for example, ripple

glass, reflecting or transmitting.

LOCAL REPRESENTATIVES.

Columbus, Ohio.

Professor F. C, Caldwell of The Ohio
State University, local representative in

this district, is chairman of a committee
entrusted with the preparation of a pro-

posed factory Hghting code for the In-

dustrial Commission of Ohio, for which
provision was made some time ago.

Discussion of Proposed Ohio Factory
Lighting Code at meeting of Pitts-

burgh Section in Cleveland, Decem-
ber 14, 1917.

"The code produced by this Committee
follows very closely the Code of Factory
Lighting of the Illuminating Engineering
Society, but the appendix provided by
the Ohio Committee differs from that

included in the Society's code, in that

the former includes a table of industrial

classifications prescribing foot-candle

values for a wide variety of industrial

operations.

"This code was discussed at a meeting
of the Pittsburgh Section held in Cleve-

land. In the course of the discussion

Mr. S. E. Doane emphasized the import-

ance of educating the public to talk of

illumination in terms of accepted units

and emphasized the value of the Ohio
code in bringing about such a condition.

"President Stickney described the

work of preparation of the original I, E.

S. code and complimented the Ohio
Committee upon the completion of its

work on the State code. Commenting
upon illumination intensity standards in-

cluded in the Ohio code, he emphasized
the need for codification of other light-

ing requirements including the limita-

tions of glare and light distribution

characteristic."
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I. E. S. WAR NOTES.

Conservation of Coal Through. Reduced

Illumination.

In the bulletin issued by the Committee

on Coal Conservation of the Chamber

of Commerce of the United States,

under date of January 4, 1918, it is

pointed out that the anticipated coal

shortage for the ensuing year amounts

to about 2^ pounds per capita. Steps

are being taken to reduce the consump-

tion of coal by large users. The Com-

mittee urges however the importance of

small savings and the responsibility of

every individual for saving his portion.

Among the admonitions included in the

bulletin the following of special appli-

cation in connection with illumination

are earnestly commended to the atten-

tion of our readers

:

conserve: EI.ECTRIC UGHT; electric

current usually comes from coal. Consult

your dealer as to the most economical types

of lamps suitable to your conditions and fix-

tures. A 25-\vatt lamp used instead of a 40-

watt lamp saves at least an ounce of coal

every two hours.

TURN LIGHTS OFF WHEN NOT
NEEDED; if a 25-watt lamp or an ordinary

gas light is turned off, even for short intervals,

the aggregate saving may easily be an ounce

of coal a day for each lamp.

DISCARD CARBON FILAMENT LAMPS;
substituting a 25-watt tungsten lamp for a

16-candlepower carbon filament lamp provides

a better light and saves 2 or 3 ounces of coal

every day.

BURN GAS IN MANTLES, NOT IN

FLAT FLAME BURNERS; the old-fashioned

flat-flame gas light burner uses more than twice'

as much gas as a mantle burner giving more

light. Each mantle burner substituted for a

flat-flame burner will save probably not less

than an ounce of coal a day.

Honor EoU.

To the number of war service mem-

bers already listed in Volume XII, No. 7

and 8 Transactions, we give the fol-

lowing additional members who have

been added to the Honor Roll up to

January 15, 1918:

Earl A. Anderson

Edward E. Ashley, Jr.

George S. Crampton

Halsey E. Crosby

H. W. Edmund
C. E. Egeler

Francis H. Gilpin

Kenneth R. Hare

S. G. Hibben

Maurice Holland

Herbert E. Ives

C. F. Lacombe
R. C. Macdonald

Carl O. Martin

F. L. Mason
Alexander Maxwell

T. Elmer Moon
George Sims Parker

Eugene Peterson

George Robins

Edwin H. Robnett

Thomas Scofield

James J. Spillan

The General Office records as of

January 15, 1918, show that the Sec-

tions' contributions to the active military

and naval forces of the country are as

follows

:

*

Members
in Service

Chicago 9

New England 2

New York 18

Philadelphia 7

Pittsburgh 5

Non-Section 5

Total 46

The total number of men in service

(46) constitutes Z-J per cent, of the

total membership of the Society.

Dr. H. E. Ives, of The United Gas

Improvement Company, Philadelphia,

Pa., has entered the Science and Re-
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search Division of the Signal Corps.

His temporary address is 1023—i6th

Street, Washington, D. C.

Attention is called to the addition to

the personnel of the Committee on War
Service, full list of which appears in the

front of this number.

Mr. P. B. Noyes, Director of Conser-

vation, United States Fuel Administra-

tion has recently requested copies of

certain I. E. S. publications for use in

the special Library of the Conservation

Division.

The Committee on War Service has

recently completed and filed with officers

of the Navy Department, designs pre-

pared at their request for the lighting

of gun shops and machine shops now
under construction.

NEWS ITEMS.

"The Smileage Neivs" is a new publi-

cation issued, with the full approval of

the Secretary of War, by the Military

Entertainment Committee of the War
Department Commission on training

camp activities. This diminutive paper

invites the sale of "Smileage Books"

—

coupon books containing admission

tickets to camp theatricals. One article

written in Vol. i. No. i of the News is

written under the headline "What Will

the Soldier See?"" To the illuminating

engineer the answer to this question

involves more than the program of

Broadway shows and entertainments

that are listed under this caption. It

may not be out of order to bring to

mind the fact that very little can be seen

unless proper auditorium and stage

lighting has been installed.

Mr. H. A. Hornor has recently re-

signed his position as electrical engineer

of the New York Shipbuilding Corpor-

ation, Camden, N. J. Mr. Hornor has

been connected with this company for

seventeen years during which time he

has greatly advanced the applications of

electricity in the marine field. He is

Chairman of the Marine Committee of

the American Institute of Electrical

Engineers and has been active in various

engineering societies. He is popular as

a lecturer on his own and allied subjects

and has appeared before large audiences

in the prominent cities of the East and

Middle West. Mr. Horner has been a

frequent contributor to the journals of

the electrical technical societies and is

author of the article on Marine Appli-

cations in the Standard Handbook for

Electrical Engineers. He is now writing

a series of articles appearing in Blec-

trical Bngineering which deal with the

practical engineering features connected

with the applications of electricity to

the building and navigation of ships.

Mr. Gordan L. Berry, Field Secretary

of the National Committee for the Pre-

vention of Blindness has recently de-

parted for France to undertake work

as a Y. M. C. A. secretary.

OBITUARY.

Mr. Isidor Ladoff, a former member
of the Pittsburgh Section, . died on

January 7, 1918, at the Columbia Hos-

pital, Wilkinsburg, Pa.
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ILLUMINATION INDEX.

Prepared by the Committee on Progress.

An index of references to books, papers, editorials, news and abstracts on illuminating engi-

neering and allied subjects. This index is arranged alphabetically according to the names of

the reference publications. The references are then given in order of the date of publication.

Important references not appearing herein should be called to the attention of the Illuminating

Engineering Society, 29 W. 39th St., New York, N. Y.

American Journal of Science

Equilibrium Temperature of a Body

Exposed to Radiation (Abstract)—

Astrophysical Journal

The Variation with Time of the Char-

acteristics of a Potassium Photo-

Electric Cell as to Sensibility Ac-

cording to Wave-Length

—

The Minimum Radiation Visually Per-

ceptible

—

A Differential Spectro-Photometer

—

On the Temperature and Radiation of

the Sun

—

Bulletin National Electric Light

Association

The 50-Watt Mazda B Lamp—

Light Experiment at Greenwich Village

Theatre-

Central Station

Store Lighting-

Electrical Engineering

Mazda C-2 Lamp and Its AppHcation

—

Electrical News

Some Observations on Lighting Con-

ditions

—

Electrical Review

Research Organization

—

Modern Arc Lamps and Incandescent

Lamps

—

Ch. Fabry

DATE PACE

I917

Dec. 480

H. E. Ives Nov. 24T

Henri Buisson Nov. 296

G. A. Shook Dec. 305

Felix Bisco Dec. 355

News Item Nov. 800

News Item Dec. 898

H. T. Spaulding Dec. 126

A. L. Powell Dec. 33

G. G. Cousins Jan. I 38

D. R. Kennedy Nov. 9 435

News Item Dec. 7 531



TRANSACTIONS I. E. S.—PART I. VOI.. XIII, NO. I, FEB. II, I918

Electrical Review DATE PAGE

The Filiform Crystal and its Use in I917

the Glow Lamp

—

Note Dec. 7 540

War-time Lighting— Editorial Dec. 15 IOI8

"Lightless" Nights Decreed Twice a

Week- News Item Dec. 22 1062

Caution as to "Lightless" Nights— Editorial Dec. 22 1057

The Sign-lighting Question- Editorial Dec. 22 1058

Interpreting the "Lightless Nights"

Order- Editorial Dec. 29 1 103

Electrical Times

An Acid-proof (Incandescent Lamp)
Holder- News Item Nov. 22 371

Electrical World

Private and Public Lighting (for

streets)

—

Editorial Dec. 8 1087

Engineering Research and Publicity

—

Editorial Dec. 8 1089

Unusual Street-lighting Practice for

Small Towns

—

News Item Dec. 15 1 141

Residence Lighting Rates and Energy

Consumption

—

News Item Dec. 15 II53

Cost of Arc Lighting in an Indiana

City- News Item Dec. 15 1 154

Adapting 220-volt Circuits to no-volt
Lamps

—

J. R. Colville Dec. 22 II89

Engineering Research

—

Editorial Dec. 22 1 184

The Illumination of an Athletic Field

—

News Item Dec. 22 1200

Daylight Saving

—

ElpotTirlaTi

Editorial Dec. 29 I23I

The Production of High Tempera-

tures

—

Note Nov. 16 221

Pyrometers and Pyrometry

—

News Item Nov. 16 226

A University for Research

—

Note Nov. 23 259

Pyrometers and Pyrometry (Con-

tinued)

—

News Item Nov. 23 262

Scientific Research in South Africa

—

News Item Nov. 30 321

Electric Lighting in China

—

News Item Dec. 7 339
Gas Ag^e

Lighting of the Grand Rapids Gas
Office- News Item Dec. I 522

General Electric Review

The Status of Illuminating Engineer-

ing- Editorial Dec. 917

Street Lighting with Modern Electric

Illuminants

—

S. L. E. Rose and

H. E. Butler Dec. 945
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General Electric Review

The Lighting of New York City's New
$2,ooo,oco Garbage Disposal Plant

—

^Nlazda Lamps for Motion-picture Pro-

jectors

—

Gas Journal

Pyrometry and Pyrometers

—

Illuminating Engineer (London)

Schoolroom Lighting by Gas

—

Understanding the Lumen

—

The Report of the Cinema Commission

of Enquir}'

—

Visible Signals for Air Raids

—

The Combination of Neon and Mercury

Tubes for Lighting

—

Journal of Electricity

Silhouette Highway Lighting

—

Special Lighting for Multnomah Field

—

Flood Lighting for Protection

—

Light Distribution from Projectors

—

Trapshooting by Electric Lights

—

Floodlighting a Bank

—

Moving Picture World

IHuminating Engineers Meet

—

Municipal Journal

New Lights Installed—Cincinnati, O.

—

National Electric Contractor

A New and Easy Way of Predetermin-

ing the Intensity of Illumination from

a Single Source

—

Nature

The Co-ordination of Research

—

Photographic Journal of America

Artistic Lighting in Photography

—

Proceedings Royal Society

The Fourth Colorless Sensation in the

Three-sensation Spectrum Curves

when Measured on the Centre of

the Retina (With note by Prof. S.

W. J. Smith)—
Two Cases of Congenital Night-blind-

ness

—

DATE PACE

1917

A. L. Powell Dec. 964

L. C. Porter Dec. 979

News Item Nov. 13 331

W. Bertelsmann Sept. 235

News Item Sept. 250

Sept. 233

News Item Sept. 241

News Item Oct. 267

S. J. Lisberger Dec. I 509

F. H. Murphy Dec. I 515

News Item Dec. 15 540

Waldo C. Cole Dec. 15 547
News Item Dec. 15 558

Jan. I Z1

Dec. 29 1928

News Item Dec. 15 587

News Item

News Item

Felix Raymer

Dec. 97

Dec. 6 261

Dec. 505

W. de W. Abncy

W. de W. Abney

Nov. 5 I

Dec. I 59
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Revue Generale de L'Electrique

L'eclairage electricque des signaux

d'aiguillage de voie ferree-^

Committee national francais de I'Eclair-

age—
Un nouveau photometre spheriqiie pour

lampes a incandescence

—

Measures de tres faibles intensities

lumineuses a I'aid des variations de

courant dans les tubes a vide (Ab-

stract in Documentation) (Taken

from Physik. Zeit. t. XVII, p. 268,

Signale dans E. T. Z., 19 April

1917 XXXVIII, p. 224)—

Railway Electrical Engineer

Electric Car Lighting

—

Electric Car Lighting

—

Electric Headlight

—

Artificial Daylight in Railroad Shops

—

Science

Efficient Laboratory Lighting

—

Science Abstracts (Section A)

Color Apparatus (Abstract from Phys.

Zeits. 18, p. 270 June 15, J917)

—

Experiments with Photoelectric Cells

(Abstract from Phys. Zeits. 18, p.

214 May 15, 1917)—

Science Abstracts (Section B)

Comparative Study of Arc Lamps and

Gas-filled Tungsten Glow-lamps

(Abstract from Zeits. Vereines

Deutsch. Ing. 61, p. 625, July 28,

1917)—
Illumination Studies (Abstract from

Elektrot. u. Maschinenbau, 35, p.

223, May 6, 1917)—
Scientific American

Where do We Stand in Optics

—

Scientific American Supplement

Electro-culture of Crops

—

Triboluminescence

—

News Item

News Item

News Item

Elster et Geitel

Editorial

News Item

News Item

News Item

W. M. Atwood

A. V. Hubl

E. Barkow

Heyck

N. A. Halbertsma

Letter by

James P. C. Southall

News Item

News Item

DATE PAGE

1917

Oct. 20 631

Nov. 17 761

Nov. 24 807

Nov. 24 162

Dec. 318

Dec. 329

Dec. 339
Dec. 357

Dec. 28 641

Oct. 31 468

Oct. 31 490

Oct. 31 392

Oct. 31 394

Dec. 15 455

Nov. 24 327
Dec. 8 368
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DATE PAGE
Transactions I. E. S. joj-

Illuminating Engineering Publicity— G. H. Stickney Nov. 20 319
Report of the Committee on Progress

—

Nov. 20 344
Effective Lighting of Factories as

Judged by Daylight Standards— Ward Harrison Nov. 20 409
The Growth and Present Status of

Systems Used in the Maintenance

of Gas Lamps in Residences— E. B. Myers Nov. 20 425
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COUNCIL NOTES.

ITEMS OF INTEREST FROM THE
COUNCIL MEETING OF
FEBRUARY 14, 1918.

Annual Convention Details.

The Committee on Time and Place

for the annual convention made a tenta-

tive report at this meeting of Council.

The members of this committee, on

which are representatives of each Sec-

tion, reached the decision that the usual

annual convention, including the enter-

tainment features and excursions, was
undesirable at this time. The consensus

of opinion, however, seemed to be in

favor of a short technical session.

These actions were arrived at through

correspondence. Council approved the

report and decided that a one-day tech-

nical session consisting of papers on

lighting subjects pertaining to the war
should be held. Details as to time and

place were left in the hands of the com-

mittee which was to make further rec-

ommendations to Council as may seem

advisable in the Hght of future condi-

tions.

I, E. S. to Co-operate with Bureau

of Standards.

Upon request of the Bureau of Stand-

ards Council authorized the Committee

on Lighting Legislation to call a meet-

ing for the purpose of considering the

Bureau's request to recommend mini-

mum values for ilkimination of sub-

ways, switchboard rooms, power stations

and sub-stations, storage battery rooms,

and other places where electrical equip-

ment is operated. These recommenda-

tions will be considered by the Bureau

of Standards for insertion in the Na-
tional Electric Safety Code.

Report of General Secretary.

A report of the status of membership

in numbers and activities in the various

Sections was presented. The total num-
ber of Members and Associate Members
divided among the various Sections are

as follows

:

Associate

Members Members

Chicago 35 112

New York 140 273

New England 25 61

Philadelphia 65 239

Pittsburgh 40 65

Non-Section 39 123

Total 344 873

A committee was organized for the

purpose of determining the advantages

and disadvantages to be derived from
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holding only a few long-session meet-

ings per year as compared to the regu-

lar monthly meetings in each Section.

This question is one raised by the war-

time condition which affects the per-

sonal, military and civihan interests of

the membership. The recent three-

session all day meeting of the Pitts-

burgh Section—its first meeting of the

present fiscal year—was highly success-

ful from the standpoint of attendance

and interest shown in the papers. On
the other hand the monthly meetings of

the Chicago, Philadelphia and New
York Sections present examples of the

usual business routines which seem to

have been little affected by war condi-

tions.

New Members.

Upon recommendation of the Board

of Examiners the following applicants

were elected to membership

:

Siz Associate Members.

Barrett, J. G.

Illuminating Engineer,

Texas Power & Light Co.,

Interurban Bldg.,

Dallas, Texas.

Craigue, Norman A.

Testing Engineer,

E. I. duPont de Nemours & Co.,

Wilmington, Del.

Murota, Hannosuke
Electrical Engineer,

Tokyo Electric Co.,

Kawasaki, Kanagawa-ken, Japan

McKaig, W. Wallace
Mechanical Engineer,

Cumberland, Md.

Pelton, Ernest W.
Superintendent of Power and Con-

struction,

The Stanley Works,

New Britain, Conn.

Stroud, Frederick George

Chief Electrician,

Public Works Dept.,

Parliament Bldg.,

Toronto, Ont.

SPECIAL 1. E. S. MEETING.

Held in New York on February

14, 1918.

Subject: "Lighting Curtailment." See

paper in full in this number of the

Transactions.

A general session of the Society was

held at the Engineering Societies' Build-

ing, New York City, on February 14th.

The meeting was for the purpose of

considering the extent to which the

lighting industry could co-operate in the

conservation of fuel. A paper entitled

"Lighting Curtailment" was presented

by Mr. Preston S. Millar, General Man-
ager of the Electrical Testing Labora-

tories, New York; and discussed by

many prominent officials of lighting

companies, architects, physicians, editors

and representatives of manufacturing

companies. Invitations were extended

to representatives of the Fuel Adminis-

tration to discuss the paper. Acknowl-
edging letters from these officials were
read at the meeting and expressed their

regret that their emergency duties pre-

vented attendance.

Among those who discussed the paper

were Louis Bell, H. Calvert, S. E.

Doane, Wm. A. Durgin, Wm. J. Ham-
mer, Bassett Jones, John W. Lieb, M. G.

Lloyd, Norman Macbeth, Preston S.

Millar, Wm. LeRoy Robertson, W. H.
Rolinson, Arthur J. Rowland, W. D'A.

Ryan, Wm. J. Serrill, R. E. Simpson,

Frank W. Smith, G. H. Stickney, and
Frank Wallis.

Mr. Millar's investigations pointed out
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that the total coal consumed in produc-

ing electric light was only 2 per cent, of

the total consumption in the country.

Curtailment of this 2 per cent, used for

lighting, as compared to the curtailment

of 98 per cent, of fuel used for heating,

locomotion, and other purposes, appears,

therefore, to he relatively negligible.

This paper recommended a readjust-

ment of the present lighting intensities,

in general emphasizing the importance

of increased intensities and proper use

of light for war-time protective pur-

poses, and recommending a conservative

decrease in intensities in some special

civilian lighting services. The balance

of desirable readjustments, however, re-

sulted in a net decrease of only 3 per

cent.

This curtailment (3 per cent.) would

result in a saving of about 340,000 tons

of coal per year—a little more than

five one-hundredths of i per cent, of

the total. The disadvantages which

would probably result through a radical

decrease of intensity in residential and

business districts, involving danger to

life and property, were pointed out.

Comparisons of total coal consumption,

consumption for light and power, and
the savings to be effected through cur-

tailment of light and heat were shown
by means of charts. The paper gave
in detail the results of the author's

investigations. The trend of the dis-

cussions on the paper upheld the

author's contentions. Emphasis was
placed on the necessity for care in the

use of fuel for heating purposes.

About two hundred and fifty members
and interested guests attended the meet-

ing. The representation from the vari-

ous sections of the country was a proof

of the vital interest in the subject. Con-
sidering that the meeting was authorized

by the Council Executive Committee on

January 29th and all preparations for

the meeting were completed within two
weeks, the attendance was truly gratify-

ing. The paper was also presented by
the author on February 15th before the

Philadelphia Section of the Society.

The demand for reprints of this paper has
been so wide that the Society has made
arrangements to print the revised edition and
to distribute them at cost. Orders for the
paper should be sent to the Illuminating Engi-
neering Society, 29 West 39th Street, New
York, N. Y. The reprints may be obtained
on an excellent grade of suede finish paper
with cardboard covers or on a cheaper grade
of coated stock. Orders for large quantities

should reach the General Office not later than
March 30, 19 18. When sending in orders
kindly indicate whether the discussions are
to be printed with the paper.

SECTION ACTIVITIES.

schedule: of meetixgs
{Announced to the General Office prior

to publication. Subject to revision.)

NEW YORK.
March 14—"An Aspect of Ught, Shade
and Color in Modern Warfare," by
M. Luckiesh.

phii,ade;i.phia.
March 15

—"The Aesthetics of Street

Lighting," by M. Luckiesh.

CHICAGO.
March 21—"The Relation of the Bureau

of Standards to Illuminating Engineer-
ing," by M. G. Lloyd.

April 18—"Regulation of Street Series

Lamps in Practice," by F. A. Vaughn.

PITTSBURGH.
Announcement pending.

NEW ENGLAND.
Announcement pending.

NEW YORK.

Meeting of the Board of Managers,
January 31, 1918.

It was decided at this meeting that

because of the general meeting of the
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Society on February 14th, the regular

New York Section meeting would be

canceled; to set back the programs of

the Papers Committee by one month.

The membership Committee reported

that it had followed out its publicity

scheme for the Society, and was extend-

ing invitations to a number of con-

tractors and fixture dealers in the

Newark territory to attend meetings of

the Section.

A discussion was held on the advis-

ability of a more vigorous new member-

ship attempt. The consensus of opinion

was that this was not a propitious time

to start any membership drive, yet a

certain amount of new membership

work might be done among people to

whom the Society could be made useful

and who could be of use to the Society.

The question of just what form the

new membership activity would take was

left to be discussed at the next meeting

when a list of men who should join the

Society would be available.

CHICAGO.

Section Meeting of February 21, 1918.

Mr. M. Luckiesh presented a paper on

"The Lighting Art—Its Practice and

Possibilities in Interiors" before this

Section on February 21st. The paper

was discussed by Messrs. J. R. Cravath

and L. Robertson. Some sixty members

and guests attended the meeting which

was held in the Auditorium of the

Western Society of Electrical Engi-

neers, Monadnock Block.

PHILADELPHIA.

Meeting of February 15, 1918.

An informal dinner at the Engineers'

Club preceded the presentation of the

paper on "Lighting Curtailment" by Mr.

Preston S. Millar. Approximately fifty

members and guests were in attendance.

A lively discussion followed the abstrac-

tion of the paper which had been given

before the special meeting of the Society

held in New York on the preceding

evening.

Membership Activities.

A letter to superintendents and mana-

gers of department stores and commer-

cial establishments in Philadelphia has

been circulated by Mr. R. B. Duncan

of the local Membership Committee. It

points out that men who are responsible

for lighting installations in their organi-

zations should be in touch with recent

developments in their field and should

therefore be members of the Society.

It further affirms that proper applica-

tions of illumination require technical

knowledge and expert judgment and a

contact with engineers and artisans

whose daily routines contemplate these

problems.

COMMITTEE ACTIVITIES.

Committee on Automobile Headlighting

Specifications.

To observe the effects on vision of the

headlamp from an approaching automo-

bile and at the same time to consider

the visibility of objects illuminated by

his own headlamps, and to be able to

adjust the intensities of these two, are

the unique experiences of members of

the Illuminating Engineering Society

Committee on Automobile Headlighting

Specifications and the Light Division of

the Standards Committee of the Society

of Automotive Engineers. An extended

meeting of these committees was held in

New York on March 4th and 5th. On
March 4th, the plans and general pro-

cedure to be followed were outlined and
the apparatus provided for the tests was
set up and inspected.

A series of working tests of intensity,
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visibility and distance-of-observation

were run on a test road, running from

Pelham Parkway through the Morris

Park station of the New York, West-

chester and Boston Railroads in the

Borough of the Bronx, New York A
"test-car" was stationed at various dis-

tances from the observer who looked

towards this car. This observer also

had a "test-car" lamp equipment which

served to illuminate the road from his

"own" car. By means of long cables

attached to both cars and a series of

controlling rheostats, the observer could

adjust the intensities of each lamp

equipment. These first tests were run

with a paraboloid reflector with plain

cover glass.

An invitation to participate in this test

was extended to a large number of or-

ganizations of automobilists and to state

and municipal legislators, administrators

and police officials for the purpose of

being able to collect a body of experi-

enced observers whose opinions would

be competent and unbiased.

Among those who had accepted this

invitation up to the time of going to

press were the following:

A. L. Atwood, Street Board PubHc
Roads, Providence, R. I.

H. W. Baker, N. Y. State Automo-
bile Association.

A. G. Batchelder, American Auto-

mobile Association, Riggs Bldg.,

Washington, D. C.

Wm. L. Dill, Commissioner Motor
Vehicles, Trenton, N. J.

B. H. Divine, N. Y. State Motor
Federation.

Prof. F. R. Hutton, Senate Cham-
bers, Albany, N. Y.

F. M. Hugo, Secretary of State,

Albany, N. Y.

J. A. McDonald, Deputy Commis-
sioner, Hartford, Conn.

J. J. Mclnerney, N. Y. State Motor
Federation, Rochester, N. Y.

Inspector Myers, Traffic Squad, New
York City.

C. M. Talbert.

Michael M. Van Buren, Street

Board Public Roads, Provi-
dence, R. I.

G. R. Wellington, Chief Clerk,

Automobile Dept., Providence,

R. I.

The members of the S. A. E. and
I. E. S. Committees and officials of the

two societies were in charge of the tests.

Further details and results of the tests

will be announced in a future issue of

the Transactions.

Committee on Membership.

The Committee on Membership con-

sists of a Chairman and two members,
the latter being respectively the Chair-

man of the Committee on Individual

Membership and the Committee on Sus-

taining Membership. This Committee
of three acts in an advisory capacity

dealing with the membership campaigns

conducted by the Committees on Mem-
bership and Sustaining Membership.

Through the efforts of this Committee
the entire work of increasing member-
ship is co-ordinated and systematized.

A meeting of the Committee on Mem-
bership was held at the General Office

on Monday, February 25th, at which
time the status of the membership was
reviewed and definite plans made for

increasing both individual and sustain-

ing membership. The Chairman of the

Committee on Individual Membership
has this year expressed his desire to

co-ordinate the membership activities of
the local sections and to aid them in

whatever local arrangements they may
make.

The personnel of both committees on
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membership will be found in the front

of the Transactions.

Committee on Education.

The work being undertaken by this

Committee is that of outlining a course

in illuminating engineering which will

be suitable for a one year's course

adapted to the requirements of students

taking some engineering or scientific

course as their major. The major for

illuminating engineering has been out-

lined by previous members of the

Society as well as a one year supple-

mentary course, but this Committee

believes that a one year's course would

be useful to schools that are not giving

longer courses.

Committee on Research.

This Committee reports that in spite

of the activities of its members it never-

theless hopes that before the end of the

current year the Committee may make

some progress in heterochromatic pho-

tometry which has been under consid-

eration for several years.

Committee on Lectures to Architectural

Students.

Reports from this Committee indicate

that the completion of the lectures is

now under way. Previous work on

these lectures has been delayed due to

the activities of the members of the

Committee on special war work.

Committee on Papers.

Due to the wide geographical distri-

bution of the members the business of

this Committee has been carried on

through the medium of circular letters.

The consensus of opinion, thus ex-

pressed through correspondence, has

guided the decisions of the Committee

in securing the papers for presentation

and publication. All of the Correspond-

ence Convention papers which were

issued in the last calendar year were

approved by this Committee. A number

of other papers presented before sec-

tions and the paper on "Lighting Cur-

tailment" presented before the General

Meeting of the Society on February

14th, have also been approved by this

Committee, The Correspondence Con-

vention papers have for the most part

been published in recent issues of the

Transactions ; several papers, however,

are still awaiting publication. At the

present time there is a proposal before

the Committee that in view of the war
situation a symposium be prepared on

the maintenance of lamps and glass-

ware, with a view to increasing effi-

ciency of illumination.

Committee on Popular Lectures.

Work of this Committee is now well

under way. It is proposed to complete

at least two more popular lectures this

year. One of these is on "Protective

Lighting" and another on "Industrial

Lighting."

Lectures previously prepared by this

Committee are on the subjects of

"Home Lighting" and "Store Lighting."

These lectures with accompanying slides

may be obtained for presentation from
the General Office.

LOCAL REPRESENTATIVES.

Syracuse, N. Y.

Mr. R. A. Porter, Local Representa-

tive in this district, delivered the pop-

ular lecture on "Home Lighting" at the

Technolog>' Club of Syracuse, on Feb-
ruary 13th. Those who attended showed
great interest in the text of the lecture

and in the slides. The audience ex-
pressed to the Society and to Mr. Porter
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a vote of thanks for the privilege of

hearing the lecture.

Cleveland, Ohio.

Mr. Ward Harrison, Local Represen-

tative in this district, was in charge of

the local arrangements for the Pitts-

burgh Section meeting which was held

in Cleveland in December. The evening

program was presented jointly before

the Pittsburgh Section of the I. E. S.

and the Cleveland Section of the A. I.

E. E. Mr. R. B. Chillas delivered a

paper on searchlamps, dealing particu-

larly with the new flame type. Mr. M.
Luckiesh lectured on the wartime appli-

cations of the fundamental principles of

light, shade and color; dealing in some
detail with the art of camouflage.

Mention of this session of the meet-

ing was omitted from the preceding

number of the Transactions because

of lack of definite information.

Springfield, Mass.

Mr. W. E. Hodge, Local Representa-

tive of the Society, presented the pop-

ular lecture on "Home Lighting" before

the Employees' Association of the

United Electric Light Co. of Springfield

early in February. The presentation

was greatly appreciated by all those

present who requested Mr. Hodge to

express to the Society their thanks for

the loan of the lecture.

Toronto, Canada.

An item of interest has come from
Mr. H. D. Burnett, Local Representa-
tive at Toronto, Canada, regarding the

popular lectures, which he had antici-

pated giving. Under the present condi-

tions, Toronto has been obliged to cur-

tail lighting everywhere, cutting off all

window (store) Hghting during both
day and night, and one-half or more of

all lights wherever possible. Therefore
Mr. Burnett feels that this is an inop-

portune time to agitate better lighting,

but hopes that at some future time,

assisted by favorable conditions, some
progress could be made. Mr. Burnett

adds that he will be glad to consider any
suggestions that members of the Society

may have to make.

(A careful review of the paper and
discussions on "Lighting Curtailment,"

in this issue, will no doubt be helpful

to many users of light in Toronto.

—

Ed.)

I. E. S. WAR NOTES.

Honor Roll.

The following additional members of

the Society have become affiliated with

the active military or naval service of

the United States. The names of other

members who have previously enlisted

have appeared in the Transactions,

Vol. XH (Nos. 6, 7, and 8).

E. A. Anderson

E. E. Ashley

T. T. Barnett

N. M. Black

F. W. Chapman
Darwin Curtis

H. W. Edmund
C. E. Egeler

A. A. Folz

F. H. Gilpin

K. R. Hare

H. E. Ives

E. F. Kingsbury

M. N. Liebmann

R. C. Macdonald

S. L. Marlow
C. O. Martin

F. L. Mason
C. T. Melvin

F. J. Miller

T. E. Moon
A. B. Oday
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G. S. Parker

C. W. Pike

E. H. Robnett

J. J. Spillan

A. S. Turner

F. S. Wilson

M. G. Woolfson

Emphasizing the Need for Plant Pro-

tection by Guards and Lighting.

On January 26th a fire occurred at

Port Newark Terminal, New Jersey,

causing damage estimated at about

$400,000. In the United States Official

Bulletin of February 19th appears a

statement, authorized by the Department

of Justice regarding the cause of the

fire. The following is excerpted, the

italics being our own:

The result of this investigation calls atten-

tion again to the impossibility of safe-guarding

water-front facilities by means of military

guards, unless the owners co-operate by taking

all proper precautions. Here, as in most other

cases, damage came from internal causes. In

this particular case, the contractors, simply

because a military guard was furnished for

the outside of the premises, appear to have

cast aside all sense of responsibility for the

internal supervision of the premises. The dis-

aster emphasizes the duty of private owners

to provide proper protection in the way of

expert watchmen, proper lighting facilities,

etc., on the premises themselves. It demon-

strates anew the folly of manufacturers de-

manding military guards and at the same time

failing to meet the duty laid on them of tak-

ing extraordinary precautions within the plants

to protect against damage. The investigation

shows a gross neglect of even the most ordi-

nary precaution and watchfulness.

Members of this Society are of course

aware of the importance of protective

lighting. It is evident, however, that

all those responsible for guarding prop-

erty essential to the prosecution of the

war and the welfare of the public do

not recognize this need.

tus D. Curtis advises us that the

National X-Ray Reflector Company has

twenty-eight members who have joined

the Colors. Two sons of Mr. Curtis

are also in the service.

Military Service in Ordnance

Department.

The Ordnance Department of the

Army is conducting a campaign to ob-

tain recruits for that department for

service in the United States. Positions

are open for employment in the follow-

ing occupations

:

T ''Sting: Engineers of tests of ord-

nance materials.

Mechanical Trades: Machinists, drop

forgers, tool-makers.

Drafting: Mechanical and gauge de-

signers.

Inspection: Inspectors of artillery

ammunition, small arms, cannon

forgings, gunfire control instru-

ments, and explosives.

Clerical: Stenographers, typists, cata-

logue clerks, accountants and stat-

isticians.

Applications and inquiries should be

addressed to John A. Mcllhenny, Presi-

dent, U. S. Civil Service Commission,

Washington, D. C.

A letter of recent date of Mr. Augus-

Illuminating Engineers Wanted.

A number of high class engineers pro-

ficient in the principles and practice of

illuminating and electrical engineering

are wanted for enlistment in the Fifty-

sixth U. S. Engineers (Searchlamp

Regiment). This regiment is being or-

ganized for special service abroad.

Those whose training and inclination

to help the country through imme-
diate application of their engineering

experience should apply to Alexander

Macomber, Captain, Engineers Reserve

Corps, Washington Barracks, D. C.
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NEWS ITEMS. of material aid to the Committee in the

work of revision.

Code of Lighting School Buildings.

The Code of Lighting School Build-

ings which was circulated for the pur-

pose of receiving criticisms and sugges-

tions has now been revised by the Com-

mittee on Lighting Legislation and ap-

proved for publication by the Committee

on Papers.

There are 20,000,000 school children in

the United States who are devoting sev-

eral hours each day to study or to the

performance of other work equally try-

ing to the eyes. According to the avail-

able statistics nearly 10 per cent, of the

number of school children examined are

found to have defective vision.

The severe requirements imposed

upon children's eyes by modern educa-

tional methods create need for the best

of working conditions. Among these

conditions lighting is of first impor-

tance. Improper lighting causes eye-

strain, resulting in functional disorders,

near-sightedness and other defects of

the eyes.

The Code of Lighting School Build-

ings has been prepared by committees

of the Illuminating Engineering Society

in order to make available authoritative

information for legislative bodies,

school boards and others who are inter-

ested in enactments, rules and regula-

tions for better lighting.

While the Code is intended primarily

as an aid in formulating legislation re-

lating to the lighting of school build-

ings, it is also intended for school

authorities as a guide in individual

efforts to improve lighting conditions.

The criticisms and suggestions for

improving the Code have come from
prominent architects, engineers, lighting

experts and educators throughout the

country. Their contributions have been

Engineering Council.

The General Office is in receipt of the

first statement of the purpose and field

of the organization of technical societies

known as the Engineering Council.

The definition of Engineering Council

adopted February 21st by the Executive

Committee is as follows

:

"Engineering Council is an organization of

national technical societies of America created

to provide for consideration of matters of

common concern to engineers as well as those

of public welfare in which the profession is

interested in order that united action may be

made possible. Engineering Council is now
composed of the American Society of Civil

Engineers, American Institute of Mining Engi-

neers, American Society of Mechanical Engi-

neers and American Institute of Electrical

Engineers, having a membership of 33,000 and

known as the Founder Societies."

On February 21st, the first annual

meeting of Council was held at which

time Mr. J. Park Channing was elected

Chairman; Mr. Harold W. Buck, First

Vice-Chairman ; Mr. George F. Swain,

Second Vice-Chairman; Mr. Alfred D.

Flinn, Secretary. The following com-

mittees were appointed : Executive,

finance, Rules, Patents, Public Affairs,

War Committee of Technical Societies,

and American Engineering Service. The

last Committee was organized for the

purpose of obtaining professional classi-

fications of engineers throughout the

country and for indexing this informa-

tion to make it available for reference

to authorities of the Government in

securmg men proficient in all branches

of engineering, and also for the purpose

of supplying this data to employers

seeking engineering service in civilian

pursuits.

It is not the intention of Engineering

Council to restrict its membership to

the four Founder Societies. The fol-
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lowing is a quotation from the official

statement of the Executive Committee:

"It is planned and earnestly desired that

other national engineering and national tech-

nical societies shall become affiliated, thus

making Engineering Council truly representa-

tive of the hundred thousand engineers in all

branches of the profession throughout the

United States. Conditions and methods for

the admission of additional societies have been

developed. Henceforth, a chief aim of Engi-

neering Council will be to increase the number
of member societies and thus gain not only an

enlargement of its capacity for usefulness

along its chosen lines, but also greater tech-

nical and financial support."

"Unselfish service and mutual helpfulness

must be the test requirements for all the

undertakings of Engineering Council. Offen-

sive political or business activities must be

avoided and the selfish aims of groups or indi-

viduals must not be fostered. If the work
roughly outlined be carried forward in this

spirit, no fears need be entertained for the

profession's ethics, its honor, or the standing

of the engineer in the community."

Mr. M. Luckiesh of the Nela Research

Laboratories of the National Lamp
Works, Cleveland, Ohio, presented a

lecture before the Engineers at Camp
Sherman on February i8th. The sub-

ject of the lecture was "Electric Light-

ing."

Mr. WilHam C. Bruce, Editor of the

American School Board Journal, has

secured photographs and drawings of

the Code of Lighting School Buildings

from the General Office and will repro-

duce the Code in the April issue of that

journal.

Mr. J. L. Stair, Chief Engineer of the

National X-Ray Reflector Company,
Chicago, 111., spoke on "Some Principles

of Illumination and Their Application"

before the Urbana Section of the A. I.

E. E. in joint meeting with the Elec-

trical Engineering Society, University

of Illinois, on January i8th.

The paper on "Lighting Curtailment,"

herein, presents statistics showing that

light costs the nation less than liquor.

The following quotation appeared in

the New York Evening Sun the day

following the presentation of this paper

:

"Maybe if it (light) cost more some people

would value it more and turn from champagne
to drink in the intoxicating rapture of an

Edison cocktail, singing with Ben Jonson
'Drink to me only with thine eyes.'

"

GENERAL OFFICE.

Sell Your Transactions.

Members can aid the Society by send-

ing in extra copies of back numbers of

the Transactions as Hsted below. For

each of these copies received at the Gen-

eral Office in good condition, the Society

will remit fifty cents (50^).

Vol. I—Nos. I, 2, 3, 4, 5, 6, 7-

Vol. II—Nos. I, 2, 3, 4.

Vol. Ill—Nos. I, 4, 5.

Vol. VIII—Nos. I, 2, 3, 4.

Such copies as may be received in this

way will be placed for permanent refer-

ence on the shelves of libraries through-

out the country. If the library in your

neighborhood does not have the Trans-
actions please advise the General Office.

Annnal Election.

The Constitution provides that the

details of election of council and sec-

tion officers for the next fiscal year

shall commence on March ist. A gen-

eral Nominating Committee including

former and present council members
representing each section of the Society

prepares the ticket. Each section is

further represented by a local Nomi-
nating Committee appointed by the local

Board of Managers. The duty of this

Committee is to recommend nominees

for positions on the Board of Managers

for the ensuing year. Ballots indicating
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the nominees for council and section

officers are issued to the membership

not later than May 5th, and the returns

are counted by a Committee of Tellers

which meets between May 26th and

May 30th.

OBITUARY.

Dr. Arthur H. Elliott, a former asso-

ciate member of the Society, and an

expert on gases and for a number of

years instructor in chemistry in Colum-

bia University, died on Thursday at the

Peekskill Hospital, Peekskill, N. Y. Dr.

Elliott was born in London, England,

and the same year he was graduated

from the British School of Mines he

started a tour of the world. Arriving

in New York, Professor Chandler of

Columbia, to whom he carried a letter

of introduction, induced him to remain.

He studied chemistry at Columbia and

was graduated in sciences in 1881, after

which he became an instructor in the

university.

Dr. Elliott held the following posi-

tions during his affiliation with the
Society: General Secretary, 1906;
Treasurer, 1907, 1908, 1909; and was a
member of the following committees:
Committee on Editing and Publication,

Board of Examiners.

Word has been received at the Gen-
eral Office that Mr. Charles Oliver

Smith who was an associate member of
the Society was accidentally killed on
November 21st, at the power plant of

the Lewis County Light & Telephone
Company which he owned at Morton,
Wash. He was caught in a small belt

and taken around the line shaft.

Word has been received from the

Philadelphia Section that Mr. J. W.
Stirzel, a member of the Society, died

in this past month. Mr. Stirzel was
connected with the United Gas Improve-

ment Co., Philadelphia Gas Works,
Philadelphia, Pa.

Mr. Thomas W. Byrne, a member of

the New England Section, died on

December 14, 191 7.

a
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ILLUMINATION INDEX.

Prepared by the Committee on Progress.

An index of references to books, papers, editorials, news and abstracts on illuminating engi*

neering and allied subjects. This index is arranged alphabetically according to the names of

the reference publications. The references are then given in order of the date of publication.

Important references not appearing herein should be called to the attention of the Illuminating

Engineering Society, 29 W. 39th St., New York, N. Y.

Central Station

Economies in Lamp Construction and

Operation

—

Curtailing Sign Lighting

—

Store Lighting

—

Electrical Engineering

How the Incandescent Lamp is

Dimmed

—

Lighting System in a Shipyard

—

Electrical Merchandising

Lighting Large Rooms from Pedestal

Indirect Fixtures

—

Electric Railway Journal

Don't Let Them Forget About Day-

light Saving

—

Electrical Review (London)

The Efiiciencies of Lighting Systems

—

The Effect of the W^ar on Electric

Lighting-

Lighting Progress for the Past Year

—

Some Features of Special War Light-

ing-

Steel Reflector Units with Locking

Sockets

—

Electrical Review (IT. S.)

"Daylight Saving" Plan Advocated for

Entire Year

—

"Daylight Saving" and Reduction of

Peak-Load Service

—

DATE PAGE

1918

Newton Harrison Jan, 151

News Item Jan. 164

H. T. Spaulding Jan. 168

News Item

News Item

News Item

Editorial

E. Stroud

G. H. Stickney

H. W. Mateer

G. B. W^eber

News Item

News Item

Editorial

Jan.

Jan.

Jan.

30

24

34

Jan. 12 70

1917

Dec. 21 586

1918

Jan. 5 10

Jan. 5 12

Jan. 5 31

Jan. 5 43

Jan. 19 1 16

Jan. 19 113
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Electrical World

Rigid "Lightless" Order Made for

New York State

—

The Electric Light a Necessity

—

Standardization of Lighting Can Expe-

dite Shipbuilding

—

Lighting Ships Under Construction

—

Cyclic Fluctuations in Rate of Lamp
Renewal

—

Utilizing Existing Poles for Yard-

Lighting Fixtures

—

Gas Age

Daylight Saving for Economy

—

Gas Industry

Mixing Artificial and Natural Gases

and Results

—

Industrial Management

The Problem of Artificial Light

—

Battlefield Illumination (from Prof.

Mem., Nov.-Dec, 1917)—
Journal of Acetylene Lighting

Exploits of Acetylene

—

Journal of Electricity

Problems of Factory Lighting

—

Calculations in the Use of Projectors

—

Journal of Optical Society of America

An Improved Visual Acuity Test-

Obj ect

—

Journal of the Washington Academy of

Sciences

The Proper Type of Absorption Glass

for an Optical Pyrometer

—

Criteria for Gray Radiation

—

National Electrical Contractor

Ideals and Near-Ideals in Lighting

Units-

Physics Review

The Thermal Expansion of Tungsten
at Incandescent Temperatures

—

A Single Construction for a Condensa-

tion Pump

—

News Item

Editorial

DATE

I918

Jan.

Jan.

5

12

PAGE

58

82

W. G. Hexamer
Editorial

Jan.

Jan.

12

12

96

83

M. D. Cooper Jan. 12 93

News Item Jan. 12 100

News Item Jan. IS 90

F. S. Honberger Jan. 19

C. E. Clewell Jan. 16

R. C. Kuldell Jan. 10

J. M. Morehead Jan. 240

R. W. Myers
W. C. Cole

Jan.

Jan.

15

15

62

65

H. E. Ives

1917

July lOI

p.

F.

C.

p.

D. Foote

L. Mohler and

0. Fairchild

D. Foote

Nov.

Nov.
4

19

545

573

H. S. Brown
1918

Jan. 88

A. G. Worthing
1917

Dec. 638

W,, C. Baker Dec. 642
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Science Abstracts B
The Lighting of Schoolrooms and

Workshops (from Elektrot. u.

Maschinenbau 35, p. 252, Disc. 255,

May 27, 1917)—
Scientific American

Automobile Lights That Shine Where
They are Wanted

—

Scientific American Supplement

Eye Protection and Sight Filters

—

Transactions Illuminating Engineering

Society

191 7 Report of the Committee on

Nomenclature and Standards of the

Illuminating Engineering Society

—

The Historical Lighting of Independ-

ence Square, Philadelphia

—

Some Experiments on the Eye with

Pendant Opaque Reflectors Differ-

ing in Lining Dimensions and

Design

—

Discussion of the Present Status of

Gas Lighting

—

W. Bertelsmann

News Item

News Item

E. F. Kingsbury

C. E. Ferree and

Gertrude Rand

DATE PAGE

1917

Nov. 30 429

1918

Jan. 5 23

Jan. 5 9

1917

Dec. 31 438

Dec. 31 449

Dec. 31 464

Dec. 31 488



TRANSACTIONS
OF THE

Illuminating Engineering Society

PART I "SOCIETY AFFAIRS

Vol. XIII APRIL 30, 1918 No. 3

COUNCIL NOTES.

ITEMS OF INTEREST FROM THE
COrNCIL MEETING OF

MARCH 14, 1918.

Membership.

The war, up to this time, seems to

have had very Uttle effect on the num-
ber of membership appHcations being

presented to various engineering socie-

ties. The I. E. S. Committee on Indi-

vidual Membership is gradually increas-

ing the monthly balance of applications.

The Philadelphia Section Representative

of this Committee, Mr. R. B. Duncan,

reports some thirty-five applications re-

ceived during February and March.

Mr. H. F. Wallace, representing the

Committee in the New England Section,

has recently obtained material from the

General Office for a drive in the vicinity

of Boston. The local representatives

have turned in applications. A recent

letter from Mr. Wm. J. Serrill, Chair-

man of the Committee on Membership,

points out to all members the impor-

tance of introducing the work of the

Society to non-members. Returns are

beginning to come to the General Office

as a result of this letter. Altogether

the status of individual membership

gives indications of increasing consider-

ably during the next few months.

Code of Lighting School Buildings.

All orders for quantity lots of the

Code should be received at the General

Office not later than May 15th. Great

interest in the Code is being shown by
architects, school authorities, physicians,

eye specialists and others interested in

the conservation of vision and proper

illumination of public buildings. A
number of prominent educational and
civic journals have made comment on
the Code in recent issues. The revised

Code was presented to the Council by

the Committee on Lighting Legislation

on March 14th. It is printed in full in

this issue.

Committee on Automobile Headlighting

Specifications.

The interim report of the tests made
on a piece of road between Pelham
Parkway and Morris Park Station, New
York (see Vol. XIII, No. 2, Transac-
tions), was presented to Council and
referred to the Committee on Papers

for publication. This report will appear

in an early issue of the Transactions.

War Committee of Technical Societies.

The I. E. S. representatives on this

Committee, Messrs. L. B. Marks and
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Preston S. Millar, presented a report to

Council covering the functions of the

Committee. The Society has received

an invitation from Engineering Council

to contribute an amount equal to 15

cents per member per year to conduct

the work of the Committee. This is

the rate now assessed to the founder

Societies of Engineering Council.

Committee on War Service.

This Committee presented to Council

a progress report detailing the latest

services rendered to various depart-

ments of the Government. Comment on
the actual work of the Committee is not

permitted.

r-

f t

Upoh recommendation of the Board

'of Examiners the following applicants

were elected to membership

:

One Transfer to Member.

August H. ;Meyer

General Manager,

Bryan-AIarsh Division,

431 S. Dearborn St.,

Chicago, III.

Seven Associate Members.

WiLUAM T. BOEHNER
Master Mechanic,

J. B. Stetson Co.,

5th St. and Montgomery Ave.,

Philadelphia, Pa.

Herbert Bromund
Fixture Dealer,

2337 Germantown Ave.,

Philadelphia, Pa.

Frank Wii^liam Hart
Officer, Columbia University Staff,

Teachers College,

Columbia University, N. Y.

Morris Sklar

Head of Lighting Fixture Dept.,

Joseph E. Frechie & Co.,

634 Arch St.,

Philadelphia, Pa.

WiivUAM H. Smith %

Chief Engineer, ; ;

T. Eaton Co.,

190 Yonge St.,

Toronto, Canada.

H. W. Turner

Designer,

Frank H. Stewart Electrical Co.,

37-39 N. 7th St.,

Philadelphia, Pa,
:

Dii^i^WYN J, WaTTis
' Chief Engineer,

J. B. Stetson Co.,

5th St. and Montgomery Ave.,

Philadelphia, Pa.

SECTION ACTIVITIES.

schedule: of meetings
(Announced to the General Office prior

to publication. Subject to revision.)

NEW YORK.
March 14—"An Aspect of Light, Shade

and Color in Modern Warfare," by
M. Luckiesh.

PHILADEI.PHIA.
March 15

—"The Aesthetics of Street

Lighting," by M. Luckiesh.

CHICAGO.
March 21—"The Relation of the Bureau

of Standards to Illuminating Engineer-

ing," by M. G. Lloyd.

April 18—"Regulation of Street Series

Lamps in Practice," by F. A, Vaughn.

PITTSBURGH.
Announcement pending.

NEW ENGLAND.
Announcement pending.
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NEW YORK.

Section Meeting^ of March 14, 1918.

Chairman A. S. McAllister aptly

camouflaged the talk on that subject by

referring to the title of Mr. Luckiesh's

paper as "An Aspect of Light, Shadow
and Color in Modern Warfare." Some
eighty members and twenty guests en-

joyed the presentation w:hich was illus-

trated with many slides showing the

various illusions that might be produced

through adjustments of intensity, color

and direction of illumination,

Mr. Luckiesh brought out the many
ways in which nature provides for the

protection of birds, beasts and reptiles

inhabiting their natural haunts—and

emphasized their high visibility when
they are found in unusual surroundings

or in unnatural positions. Extending

these conceptions to the art of camou-

flage in modern warfare, it was shown

that great variety of color and intensity

of high lights and shadows were effec-

tive in rendering less visible the out-

lines and locations of military and

marine equipments. On the other hand,

the scientific applications of colored

screens over the lenses of binoculars

and cameras enabled the observers to

overcome some of the illusions.

A number of representatives of mili-

tary organizations interested in camou-
flage were in attendance. An informal

dinner preceded the meeting.

PHILADELPHIA.

Section Meeting of March 15, 1918.

The meeting was preceded by the usual

dinner at which twenty-six members
and guests were in attendance. On
opening the meeting the Chairman of

the Membership Committee announced

that thirty new members had been ob-

tained for the Section with favorable

prospects of obtaining at least ten more.

Mr. Lyon then gave a talk on "The
Nomenclature of Illuminating Engineer-
ing" with special reference to intensities

distributed over the surface of a sphere,

using as his model a wooden ball cut

into zones to illustrate this distribution.

Mr. S. E. Doane who had expected
to deliver a paper on "The Esthetics of
Street Lighting" was prevented from
attending the meeting and sent as his

representative Mr. M. Luckiesh, physi-

cist of the Nela Research Laboratories

at Cleveland, who spoke on the same
subject. His talk was profusely illus-

trated by means of lantern slides show-
ing undesirable forms of street lighting,

means of supporting trolley wires, etc.

He showed street scenes in some cities

where the combination of poles and
wires was a disgrace and marred what
otherwise would be attractive streets.

His talk was a plea for the improve-

ment of civic conditions which could be

partially accomplished by removing

undesirable bill-boards and unnecessary

trolley, electric light and telephone poles.

The meeting was attended by one

hundred persons. The discussion which

followed the presentation of the paper

was not confined strictly to street light-

ing, but extended to methods of dis-

tributing overhead wires.

CHICAGO.

Section Meeting of March 21, 1918.

Dr. M. G. Lloyd, electrical engineer

of the Bureau of Standards, presented

a paper on "The Relation of the Bureau

of Standards to Illuminating Engineer-

ing" which was discussed by Messrs.

F. H. Bernhard, J. J. Ryan, J. C. Hall,

E. H. Freeman, E. M. Tomkins, and

James R. Cravath. About thirty mem-
bers and guests attended the meeting.

The paper was illustrated with lantern

slides.
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During the discussion Dr. Lloyd

brought out the fact that the Bureau

of Standards had commenced to pre-

pare specifications for street Hghting.

The work is being done in conjunction

with committees of utility and engineer-

ing associations. After collecting statis-

tics and making a study of methods

already in use, it is the intention to

draw up model forms of contract em-

bodying the best information available.

A comprehensive publication dealing

fully with the entire subject will event-

ually be issued.

Among the illustrations were typical

distribution curves for automobile head-

lights, many types of which have been

investigated at the Bureau. One matter

discussed was the specifications under

which this year's supply of incandescent

lamps to the Government will be fur-

nished.

LOCAL REPRESENTATIVES.

Newark, N. J.

Colonel Lewis T. Bryant, Commis-

sioner of Labor of the State of New
Jersey, issued an invitation to manufac-

turers, architects and contractors in the

Essex district to attend a meeting held

under the auspices of the State Depart-

ment of Labor, the Manufacturers

Branch of the Newark Chamber of

Commerce and the Illuminating Engi-

neering Society at the Council Chamber,

City Hall, Newark, N. J., on April 14th.

Mr. J. N. Adam, local representative

in Newark, co-operated with Colonel

Bryant in conducting this meeting.

It was brought out that the function

of the State in enforcing its lighting

code was similar to that of enforcing its

health regulations inasmuch as it should

only go that far as demanded by the

welfare of its workers. In this respect

the New Jersey Code was declared to

prescribe intensities and conditions very

much below what the interests of the

manufacturer himself would dictate.

Emergency lighting systems independent

of the regular installation was urged

upon manufacturers for the complete

protection of their workers.

The following members of the Society

were among those who took part in the

discussions : George H. Stickney, Presi-

dent ; Louis B. Marks, Chairman of the

Committee on Lighting Legislation;

Roland H. Leveridge, Chief of the

Bureau of Electrical Equipment of the

State Labor Department; R. ff. Pierce,

of the Welsbach Co.; A. L. Powell,

Edison Lamp Works. William B.

Gwinnell, Chairman of the Manufac-

turers' Section of the Board of Trade

of Newark, presided as Chairman of

the meeting.

Mr, J. N, Adam informs the Society

that it is his intention to co-operate with

Colonel Bryant in conducting similar

meetings in other sections of the State

of New Jersey.

Milwaukee, Wis.

Mr. F. A. Vaughn, local representa-

tive, reports that the I. E. S. lectures on

Home Lighting, Store Lighting, and the

Code of Lighting School Buildings were

presented before the electrical exhibition

of the Milwaukee School of Engineer-

ing during April. The lantern slides for

the Code of Lighting Factories, Mills

and Other Work Places were presented

at the electrical exhibition by Mr.

J. A. Hoeveler, illuminating engineer

for the Wisconsin Industrial Commis-
sion.
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Providence, R. I.

The Power Section of the Providence

Engineering Society held a meeting on

Wednesday, April loth, at which one of

the principal papers dealt with "Mill

Lighting." The speaker of the evening

was Mr. F. W. Bliss. Mr. F. A. Gal-

lagher, Jr., local representative of the

Society in Providence, presented an

extensive and interesting discussion of

this subject placing particular emphasis

upon the fundamentals of good lighting.

Mr. Gallagher reports that he hopes to

make a prominent issue of the problem

of industrial lighting before the full

meeting of the combined Society Sec-

tions in Providence in the near future.

I. E. S. WAR NOTES.

War Service.

A folder summarizing the activities

of the Society in the prosecution of the

The text of this folder, printed below,

war has recently been issued by the

I. E. S. Committee on Membership,
is worthy of careful thought and should
be an inspiration to every member of
the Society who in his daily routines

adds to the science and disseminates

knowledge on the use and misuse of
light and thereby helps to win the war.

"Lt'ight properly controlled is a very impor-
tant instrument for winning the war.

"AT the: FRONT OR ON THE SEA it

reveals and locates the enemy, his works,
operations, submarines. It also conceals our
own operations by camouflage or glare. It

conveys intelligence by signals, even in the
daytime.

"AT HOME it protects buildings, piers,

bridges and other works; it speeds production
and prevents waste. It prevents accidents
which jeopardize life and material.

"It conserves eyesight; gives cheer and com-
fort to workers.

"As soon as war was declared, the Society
oflfered its services to the Government. Since
then it has lost no opportunity to be of service.
Its Committee on War Service, acting upon
requests received directly or through the
National Committee on Gas and Electric Serv-
ice, has designed lighting installations for
various departments of the Government. The
Committee has also prepared a Treatise on
Protective Lighting at the request of Govern-
ment officials.

"Members nominated by the Society con-
stituting the Divisional Committee on Lighting
under the Committee on Labor, of the Council
of National Defense, have prepared a Treatise
on Industrial Lighting for application wherever
work is done under contract with the Govern-
ment. Lighting experts for each State in the
Union have been selected to co-operate.

"The National Research Council has availed
itself of the services of the Society's experts
in prosecuting its researches on problems of
lighting and vision.

"The Society's membership has been classi-

fied so that the Government may have ready
access to lighting specialists.

"Dues have been remitted to members who
have entered military service.

"These activities are making large demands
on the Society's resources; more members are
needed if its service to the Government is not
to be impeded."

Win-the-War Spirit in Business Letters.

The Department of Commerce under
date of March 28, 1918, issued a bulletin

under the above caption strongly urging
that all business letters not only in this

country but also those which reach for-

eign countries carry with them a spirit

portraying confidence in allied victory.

Following is a quotation from this

bulletin

:

"Let the American business man make
known to the whole world that he is for this
war and that he is going to see it through,
regardless of inconvenience, loss of trade, loss
of money, or anything else. Every manufac-
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turer ought to be fearless in expressing his

sentiments, even though he may be writing to

a concern whose sympathies he may suspect

are not wholly with us. Don't give a foreign

concern the idea that you are apologizing for

your Government's restrictions or that you are

chafing under them. Spread the impression,

the absolutely correct impression, that over

here we are backing this war unqualifiedly."

Emergency Fleet News.

The Emergency Fleet News published

March 18, 1918, contains the following

article for lighting shipyards

:

FENCING AND LIGHTING OF SHIP-
YARDS ORDERED.

An order sent to the district officers and
supervisors by the vice-president and general

manager, March 4th, directs that proper pro-

vision be made for fencing and lighting of

plants building ships for the Em.ergency Fleet

Corporation.

War Convention in Cleveland.

A War Convention of those interested

in the machinery and supply trade in

Cleveland will be held in that city dur-

ing the week of May 13th. The keynote

of the convention will be to co-ordinate

the production of "More ships, more
shells." No doubt the welfare of the

workers and the increased production

due to proper illumination will be men-
tioned during this convention.

NEWS ITEMS.

Eye Hazards in Industrial Occupations.

The National Committee for the Pre-

vention of Blindness has recently issued

a pamphlet under the above caption, pre-

pared by Gordon L. Berry, field secre-

tary of the Committee. This contains

much valuable material, and like other

literature of this important Committee,

does not fail to include illumination as

an important factor in industrial activ-

ity. That part of the pamphlet devoted
to the subject of lighting includes dis-

cussion upon the following points

:

Importance of good lighting to in-

dustrial success.

Importance of good lighting to acci-

dent prevention.

Day lighting.

Glare and shadows.

Office lighting.

Lighting equipment.

Local versus general illumination.

References are made to the Illumi-

nating Engineering Society's publica-

tions as follows

:

Light, Its Use and Misuse.

Code of Lighting Factories, Mills
and Other Work Places.

Code of Lighting School Buildings.

In connection with intensities of
illumination for office lighting the fol-

lowing information is suppHed

:

Office Lighting.—In large installations

of importance, expert advice should be
obtained if best illumination results are
to be had. Often useful assistance can
be obtained from local lighting com-
panies. For general guidance, however,
it may be stated that illumination of
the order of 4 foot-candles (lumens per
square foot) on the working plane is

regarded as reasonably satisfactory for
the generality of offices. Under various
conditions illumination of this value may
be obtained with energy expenditure of
the order indicated in the following
table

:
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Watts Per Square Foot To Yield Four Foot-candi.es (Lumens Per
Square Foot).*

Tungsten filament lamps

Finish
Direct lighting

system
Semi-indirect light-

ing system
Indirect lighting

system

Ceiling

White
Cream or

ivory

Light buff

Walls

Light

( Medium

Dark

Vacuum

0.67

0.73

0.8

Gas filled

0.55

0.60

0.67

Vacuum

0.89

I.O

1. 14

Gas filled

0.74

0.83

0.95

Vacuum

1-33

2.0

Gas filled

0.95

I. II

1.67

* The data regarding electrical illumination were compiled by the Electrical Testing I^aboratories,

New York, at the request of the Committee.

Cubic Feet of Gas Per Square Foot to Yield Four Foot-candles
(Lumens Per Square Foot).**

Gas mantle lamps (inverted)

Finish

Ceiling Walls

White Light

Cream or ivory Medium
Light or buff Dark

Direct lighting sys-
tem

Cluster units

Semi-indirect light-
ing system

Cluster units

Indirect lighting sys-
tem

Cluster units

0.084

O. ICO

0.030 0.042

0.036 0.050

0.042 0.058 0.146

** The data regarding gas illumination contributed by the Consolidated Gas Company, New
York.

That is to say, depending upon the

reflecting quaHties of the interior finish

of the office and upon the character of

the Hghting equipment, as well as upon

the type of lamps used, one may obtain

illumination of 4 foot-candles on the

working plane with expenditures of

energy ranging from a minimum of 0.55

to 2.0 watts per square foot for electric

lighting, and a minimum of 0.030 to

0.146 cu. ft. of gas per square foot for

gas lighting. Illumination of higher

intensity may be obtained under like

conditions with proportionately greater

expenditures of energy.

seven committees. In the scientific and
industrial research group there are

twenty-one committees, one of which is

as follows

:

Joint Standing Committee on Illumi-

nating Engineering—To survey the

field for research on illumination

and illuminating engineering, and to

advise as to the direction in which

research can be undertaken with

advantage.

In the Official Bulletin for March 14,

1918, there is given a list of commis-
sions and committees which have been

appointed by the British Reconstruction

Ministry to deal with questions which

will arise at the close of the war. There

are fifteen groups with a total of eighty-

The United States Public Health

Service has just issued a pamphlet

"Miscellaneous Publication No. 17" en-

titled "Prevention of Disease and Care

of the Sick." This very properly in-

cludes a brief discussion of lighting. In

spite of technical misapprehensions re-

garding the physical aspects of lighting

which are not surprising when exhibited

by medical authorities, this publication

should assist in drawing the attention
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of the public to the importance of good

Hghting as a factor in the prevention of

disease and care of the sick.

Mr. Francis A. Vaughn, senior mem-

ber of the firm Vaughn & Meyer, con-

sulting engineers, Milwaukee, has been

engaged by the School of Engineering

of Milwaukee as business manager. Mr.

Vaughn and Mr. Chas. L. Pillsbury,

consulting engineer of Minneapolis, are

in charge of an electrical exhibition to

be held under the auspices of the School

of Engineering in Milwaukee from

March 27th to 30th inclusive. All of

the lantern slides for the various pop-

ular lectures of the Society have been

forwarded to Mr. Vaughn for his use

at that exhibition.

GENERAL OFFICE.

Sell Your Transactions.

Members can aid the Society by send-

ing in extra copies of back numbers of

the Transactions as listed below. For

each of these copies received at the Gen-

eral Office in good condition, the Society

will remit fifty cents (50^).

Vol. I—Nos. I, 2, 3, 4, 5, 6, 7.

Vol. II—Nos. I, 2, 3, 4.

Vol. Ill—Nos. I, 4, 5.

Vol. VIII—Nos. I, 2, 3, 4.

Such copies as may be received in this

way will be placed for permanent refer-

ence on the shelves of libraries through-

out the country. If the library in your

neighborhood does not have the Trans-

actions please advise the General Office.

Mr. M. Luckiesh presented a lecture

on "The Fundamentals of Camouflage"

before the 308th Engineers' Regiment at

Camp Sherman on April i, 1918.

A recent number of Farm and Fire-

side prints an article indicating that the

writer has confirmed the fact that hens

which are housed under electric light

produce eggs more abundantly. He
states that for each 400 sq. ft. of floor

area there should be provided about

60 candlepower. The cost of lighting a

house to accommodate 500 hens by elec-

tric light runs from $3 to $4 a month.

The author cautions that there is danger

in overdoing the light and recommends
that the hens should not be kept active

over a total of fourteen hours during

the day under both natural and artificial

light conditions.
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ILLUMINATION INDEX.
Prepared by the Committee on Progress.

An index of references to books, papers, editorials, news and abstracts on illuminating engi-

neering and allied subjects. Thjs index is arranged alphabetically according to the names of

the reference publications. The references are then given in order of the date of publication.

Important references not appearing herein should be called to the attention of the Illuminating

Engineering Society, 29 W. 39th St., New York, N. Y.

American Gas Engineering Journal

Gas vs. Electric Lighting in Regard to

the Solution of Wartime Prob-

lems

—

Entire Factory Equipped with Gas

Lights-

American Journal of Psychology

On "Retiring" and "Advancing" Col-

ors

—

British Journal of Psychology

The Theory of Binocular Color Mix-

ture, II—

Central Station

Alazda Lamp Development to Date

—

The Latest Information on Incandes-

cent Lamps

—

Electrician

Mr. A. P. Trotter's Presidential Ad-
dress to the Illuminating Engineer-

ing Society

—

The Varied Applications of Light

—

Ten Years of Illuminating Engineer-

ing: Its Lessons and Future Pros-

pects

—

A New Globe Photometer for Incan-

descent Lamps

—

Methods of Camouflage

—

The Present and Future Electric Street

Lighting in Islington

—

Electrical Eecord

Application of Electricity in the Grow-
ing of Corn and Sugar Beets

—

DATE

1918

PAGE

R. ff. Pierce Feb. 9 134

S. E. Warden Feb. 16 145

M. Luckiesh Apr. 182

S. Dawson
1917

Dec. I

H. W. Mateer

1918

Feb. 182

H. W. Mateer Mar. 213

1917

Dec. 28 502

Editorial Dec. 28

1918

497

News Item Jan. 25 609

R. Von Voss Feb. I 630

News Item Feb. I 627

H. T. Harrison Feb. 15 690

News Item Mar. t7
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Electrical Review (London)

Illuminating Engineering

—

Industrial Research

—

Corrections for the Pentane Lamp

—

A Light Detector for the Blind

—

Electrical Review (IT. S.)

"Daylight Saving" Plan for Entire

Year Receiving More Favor

—

Daylight Saving

—

Performance of Metallic Filament

Lamps on Alternating Current

Circuits (Bull. Eng. Experiment

Station, Penna. State College)—
Electrical Times

Tungsten Lamp Filaments

—

Electricity in Agriculture

—

Electrical World

Testing Arc Lights Under Pressure

(Abstract)—
White Way Lighting Begun in New

Orleans

—

Electric Lamps in Non-Gaseous Mines

(Abstract)—
The Curtailment of Lighting

—

Much Discussion on the Curtailment

of Lighting

—

Broader Aspects of Research Work

—

Initial Current Obtained in Incandes-

cent Lamps

—

Quartz Mercury-Vapor Lamp for

Ultra-Violet Light-

Features of Chicago's New Parkway

Lighting System

—

New Research Laboratory is Organ-

ized in Japan

—

Changing Aspects of Factory Lighting

Legislation

—

Standardizing Factory Lighting

—

Gas Industry

War and Gas

—

Gas Journal

Street Lamp Conversion

—

Extended "Summer Time"

—

DATE PAGE

1918

S. 0. Cook Jan. 25 81

G. B. Barham Jan. 25 93

News Item Feb. I 116

News Item Feb. 22 184

News Item Feb. 9 236

Editorial Mar. 2Z 516

News Item

News Item

W. Matthiesen

News Item

G. H. Deike

Editorial

News Item

Editorial

C. J. Berry

News Item

News Item

News Item

C. E. Clewell

Editorial

Theo. H. Piser

News Item

Jan. 17 52

Jan. 31 76

Feb. 2 262

Feb. 9 297

Feb. 9 314

Feb. 23 393

Feb. 23 426

Mar, 2 445

Mar. 2 459

Mar. 2 491

Mar. 9 516

Mar. 16 576

Mar. 23 607

Mar, 23 603

Mar. 95

Feb. 19 340
Feb. 26 388
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'I

Gas Record

Massachusetts Reduces Standard

—

The War and Gas Lighting

—

Do You BeHeve in Gas Light?

—

General Electric Review

An Improved System for Lighting

Interurban Trolley Cars

—

Effect o£ Artificial Light on the

Growth and Ripening of Plants

—

Illuminating: Engineer (London)

The Combination of Neon and Mer-

cury Tubes for Lighting (Note)—
Lighting in London and the Prov-

inces

—

Ten Years of Illuminating Engineer-

ing: Its Lessons and Future Pros-

pects

—

Industrial Management

Factory Lighting Codes and Rules

—

Journal of Acetylene Lighting

Acetylene as a Standard of Light

—

Illumination of Railway Carriages by
Acetylene

—

Journal of Electricity

Innovations in Theater Illumination

—

Department Store Lighting—The Em-
porium Illumination

—

The Lighting of a Museum

—

Electricity in Modern Architecture

—

Journal of Institute of Electrical

Engineering

Scientific Research

—

Journal Franklin Institute

The Spectral Selectivity of Photo-
graphic Deposits—

A New Neutral Tint and a Variable
Tint Screen (Note)—

On the Luminescence of Radioactive

Materials (Note)—
Journal of Physiological Chemistry

Tinting Strength of Pigments—

News Item

Theo. H. Riser

Chas. A. Luther

DATE

1918

Jan.

Feb.

Mar.

23

27

13

PAOE

49

124

145

W. J. Walker

J. L. R. Hayden and

C. P. Steinmetz

Feb.

Mar.

124

232

1917

Oct. 267

News Item Nov. 296

L. Gaster

1918

Jan. 6

C. E. Clewell Feb. 117

News Item Feb. 268

News Item Mar, 301

News Item Mar. I 220

L. C. Mullgardt

C. Grunsky

E. D. Cheesman

Mar.

Mar.

Mar.

I

I

I

225

228

239.

News Item
1917

Dec. 6

L. A. Jones and

R. B. Wilsey

1918

Feb. 231

E. Karrer

E. Karrer and

D. H. Kabakjian

Feb.

Feb.

279

279

T. R. Bnggs Mar. 217
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Municipal Journal

Dangerous "Safety" Islands and Their

Illumination

—

National Electrical Contractor

Direct Lighting from Open Reflector

Units-

National Electric Light Association

Bulletin

Mazda Lamps for Motion-Picture Pro-

jectors

—

Power House Lighting

—

Nature

Patents and Scientific Research

—

Philanthropical Magazine

A Criticism of Wien's Distribution

Law

—

Physics Review

The Brightness Sensibihty of the

Retina

—

Note on a Comparison of High-Tem-

perature Scales

—

Proceedings American Institute of Elec-

trical Engineering

A Thermoelectric Standard Cell

—

Revue Generale de L'Electricite

La Transformation des cristaux de

tungstene en filaments pur les

lampes a incandescence

—

Lampe a arc a deux paires de charbons

pour reseaux a courants polyphases

de basse frequence

—

La fabrication des lampes a incandes-

cence au Japan (Abstract, Docu-

mentation)

—

Railway Electrical Engineering

New Night Lighting for Pullman

Sleepers

—

Science

The British Committee for Scientific

and Industrial Research

—

The Nomenclature of Thermometric

Scales

—

G. E. Eaton

H. W. Brown

DATE PAGE

I918

Mar. 16 221

Feb. 97

News Item Jan. 12

D. MacNaughton Feb. III

News Item Feb. 21 484

F. E. Wood Feb. 190

Julian Blanchard Feb. 81

E. P. Hyde and

W. E. Forsythe Feb. 139

C. A. Hoxie (Sec. II) Feb. 57

News Item

Andre Blondel

1917

Dec. 22 973

Dec. 22 975

1918

Feb. 2 35

News Item Feb. 47

News Item Mar. 15 262

Dr. C. F. Marvin Mar. 15 267
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Science Abstracts B

The Flickering of Metal Filament

Lamps (Abstract from Elekt. Zeits.

38, p. 453, Sept. 13, 20, 27, 191 7)

—

Scientific American

Projecting Larger Pictures with the

Standard Motion-Picture Film

—

A Non-Glaring Hand Lamp which

Throws a Beam 500 Feet Long

—

A New Cycle in Motion-Picture Pro-

jection

—

Zirconium—A Resume

—

Science Monthly

The Relation of the State University

to Research Work in War Times

—

Transactions Illuminating Engineering

Society

A Color Symposium—In Six Parts

—

Part I—The Potentiality of Color

in Lighting

—

Part II—Color from the Physical

Point of View

—

Part III—Color in Illumination

—

Part IV—The Psychology of Color

in Relation to Illumination

—

Part V—The Work of the National

Bureau of Standards on the Estab-

lishment of Color Standards and

Methods of Color Specifications

—

Part VI—Some Experiments on the

Eye with Different Illuminants,

Part I—
Economics in the Operation of Large

Lighting Installations

—

The Visibility of Radiation

—

Lighting Curtailment

—

The Value of Illuminating Engineer-

ing to the Gas Industry

—

K. Simons

DATE

1918

Jan. 31

PAGE

52

News Item Jan. 26 85

News Item Jan. 26 92

News Item

News Item

Mar. 23

Mar. 23

259

265

Dr. R. W. Thatcher Feb.

I. G. Priest

C. E. Ferree and

G. Rand

C. L. Law
P. Reeves

P. S. Millar

R. ff. Pierce

124

M. Luckiesh Feb. II I

H. C. Richards Feb. II 7

Beatrice Irwin Feb. II 14

L. T. Troland Feb. II 21

Feb. II 38

Feb. II 50

Feb. II 83

Feb. II loi

Mar. 20 III

Mar. 20 170
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COUNCIL NOTES.

ITEMS OF INTEREST FROM THE
COUNCIL MEETING OF

MAY 9, 1918.

Annual Convention Details.

The Committee on Time and Place

presented to the Council a report recom-

mending that no annual convention be

held during the present fiscal year but

favored a meeting of the Society on the

evening of the annual meeting to be

held in New York on October loth.

This is the usual date of the annual

meeting at which the Report of the Gen-
eral Secretary to the Council is pre-

sented to the membership. Council de-

cided that a one-day convention be held

on that date, and the General Secretary

was instructed to prepare a budget of

the cost of such a convention.

Codes.

The Committee on Lighting Legisla-

tion through its Chairman presented a

brief review of the activities of that

committee with various State and Gov-
ernmental officials in the preparation of

lighting codes. Mention of the codes

prepared with the co-operation of the

Society will be found in another column
of this number.

Educational Institutions in War
Service.

On April nth Professor F. K. Richt-

myer of Cornell University apeared be-

fore Council and explained the difficul-

ties in retaining a full corps of instruc-

tors in engineering colleges at the time

when the Government was making im-

portant demands on such institutions.

President Stickney was requested to take

up this question, as a result of which
he reported at the May 9th meeting that

he was in correspondence with En-
gineering Council and proposed to co-

operate with them in handling this situa-

tion.

American Association of Engineers.

Mr. Wm. A. Durgin, Chairman of the

Committee on Reciprocal Relations was
requested by Council to appoint Messrs.

James R. Cravath and Albert Scheible

to attend the meeting of this associa-

tion to be held in Chicago on May 14,

1918, and to report to Council on the

proceedings.

New Members.

Upon recommendation of the Board
of Examiners the following applicants

were elected to membership

:
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One Sustaining Member.

Gii,UNDER & Sons, Inc.

Tacony, Philadelphia, Pa.

Official Representative

:

Edgar A. Gillinder.

Two Members.

John Young Fletcher

Director,

General Electric Co., Ltd.,

67 Queen Victoria St.,

London, E. C. 4, England.

Beatrice Irwin

149 ^^'• 57th St.,

New York, N. Y.

Three Transfers to Members.

Harry Archer Hornor

Consulting Engineer,

Hamilton Court, 39th and Chest-

nut Sts.,

Philadelphia, Pa.

WiLUAM KUNERTH
Associate Professor of Physics,

Iowa State College,

Ames, Iowa.

James D. Lee, Jr.

Illuminating Engineer,

Westinghouse Lamp Co.,

W'idener Bldg.,

Philadelphia, Pa.

Thirteen Associate Members.

Daniei. M. Althouse
Electrician,

Strawbridge & Clothier,

8th and Market Sts.,

Philadelphia, Pa.

Richard F. Banner
Storekeeper of Incandescent Material

The United Gas Improvement Co.,

19th St. and Allegheny Ave.,

Philadelphia, Pa.

Seymour D. Benedict

State Dept. of Architecture,

Albany, N. Y.

Wallace W. Briggs

District Manager,

Westinghouse Lamp Co.,

165 Broadway,

New York, N. Y.

George Hum peer, Jr.

Electrician,

Strawbridge & Clothier,

8th and Market Sts.,

Philadelphia, Pa.

Arthur T. Ireland

Supt. of Holder Stations,

The United Gas Improvement Co.,

Broad and Arch Sts.,

Philadelphia, Pa.

Charles Kadison

N. Y. Gas & Electric Appliance Co.,

569 Broadway,

New York, N. Y.

Jerome A. Koerber

Display Manager,

Strawbridge & Clothier,

8th and Market Sts.,

Philadelphia, Pa.

Peter McGlinn
Chief Engineer,

Strawbridge & Clothier,

8th and Market Sts.,

Philadelphia, Pa.

Mitchell Thomas Mulroy
Salesman, Incandescent Lamps
Bryan-Marsh Division,

431 S. Dearborn St.,

.Chicago, 111.

Foster B. Taylor

Special Inspector, Bureau of Illumi-

nating Engineering,

The New York Edison Co.,

130 E. 15th St.,

New York, N. Y.
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Raymond S. Wise
Manager,

Kayser & Allman,

1522 Chestnut St.,

Philadelphia, Pa.

W. W. Woodruff
Purchasing Agent,

Strawbridge & Clothier,

8th and Market Sts.,

Philadelphia, Pa.

SECTION ACTIVITIES.

SCHEDULE OF MEETINGS
(Announced to the General Office prior

to publication. Subject to revision.)

NEW YORK.
April II

—"Rockets and Illuminating
Shells as Used in the Present War,"
by A. Bergman,

Report of Road Test of Headligthing
Conditions.

May 9
—

"Industrial Plant Protection,"
by Edmund Leigh.

"An Instance of Industrial Lighting,"
by Bassett Jones.

PHIEADELPHIA.
April 20—"The Progress of Illuminat-

ing Engineering During the Past
Year," by F. E. Cady and R. ff. Pierce.

"The Relation of Eight to Music," by
Mary Hallock Greenewalt.

May 17
—"Relation of Eight to Health,"

by Dr. Chas. E. de M. Sajous.

CHICAGO.
April 18—"Mistakes in Engineering as

Applied to Illumination," by F. J.
Pearson.

May 27—"Regulation of Street Series
Eamps in Practice," by F. A. Vaughn.

June 13
—"The Training of a Lighting

Salesman," by Charles A. Euther.
BOSTON.
May 21—"Plant Protection," by Ed-
mund Eeigh.

"Timely Aspects of Lighting," by M.
Luckiesh.

NEW YORK.

Section Meeting of April 11, 1918.

At this meeting Mr. Bergman, Ord-
nance Engineering Corporation, gave an

interesting talk on "Rockets and Illumi-

nating Shells as Used in the Present

War." He described the construction

and operation of rockets and the many-

types of illuminating shells for rifles,

trench mortars, and naval guns which
have been introduced during the present

war. Their use in revealing enemy
movements, also their novel use as a

light barrage.

This talk was followed by a Report
of Road Test of Headlighting Condi-

tions, made under the Auspices of the

Committee on Automobile Headlighting

Specifications of the Illuminating En-
gineering Society and the Lighting Di-

vision of the Standards Committee of

the Society of Automotive Engineers.

There were in attendance one hun-

dred and fifty members and guests, forty

of whom had attended the usual a la

carte dinner at Healy's Restaurant.

After the technical meeting the members
and guests were entertained with a mo-
tion picture display, showing a cartoon

of gas heating by the Consolidated Gas
Company and one taken at a previous

meeting at the Edison Studio, showing

the various scenes during the meeting

of the Society.

The Laboratories were thrown open

for an inspection by the members and

guests.

Section Meeting of May 9, 1918.

Mr. Edmund Leigh, Chief of Plant

Protection Military Intelligence Bureau,

Washington, D. C, presented a paper

on "Industrial Plant Protection," and

Mr. Bassett Jones, Consulting Engineer,

New York, presented a paper on "An
Instance of Industrial Lighting." One
hundred and ten members and guests

attended the meeting. The usual in-

formal dinner was attended by twenty-

five members.

PHILADELPHIA.
Section Meeting of April 20, 1918.

Imagine one side of the stage, at the



44 TRANSACTIONS I. E. S.—PART I. VOI.. XIII, NO. 4, JUNE) 10, I918

Engineers' Club, banked with palms, the

center occupied by a lady at a Grand

piano against a back-ground of white

drapery, while varying shades of color

played over the scene and you have an

idea of the closing act of the April meet-

ing of the Philadelphia Section.

The room was filled when Chairman

Forstall called the meeting to order,

promptly at eight o'clock. The paper of

the evening was on "The Progress of

Illuminating Engineering During the

Past Year," by Mr. F. E. Cady of the

National Lamp Works of Cleveland,

Ohio, and Mr. R. ff. Pierce of the

Welsbach Company. Mr. Pierce spoke

of the progress in gas manufacture and

lighting, the principle development, from

an economic standpoint, being an ap-

paratus which has been devised for

generating gas from the millions of tons

of straw which are annually burned in

Canada in order to clear the ground.

Mr. Cady spoke of electrical illumina-

tion, mentioning many different forms

of lamps and devices which have been

recently placed upon the market. His

talk was illustrated by lantern slides as

well as by an extensive exhibition of

the devices referred to which had been

collected by the Exhibition Committee

under Mr. C. J- Firth.

Following these speakers Mrs. Mary

Hallock Greenewalt gave a talk on "The

Relation of Light to Music." She spoke

of the effect of light in nature on birds

and flowers and compared the various

colors with the tones in music. She il-

lustrated her point by playing Beetho-

ven's "Moonlight Sonata," with an ac-

companiment of blueish Hght which in-

creased and decreased with the music.

Then playing one of De Bussy's pieces,

she was enveloped in varying shades of

color which were intended to give a

visible expression to the musical notes.

Preceding the meeting the usual din-

ner was held in the club, which was at-

tended by twenty-eight members and

guests. Chairman Forstall sat at the

head of the table, while among those

present were Mr. F. E. Cady of Cleve-

land ; Mr. Preston S. Millar of New
York; Mr. Wm. H. Beck of Baltimore,

as well as ex-Presidents Wm. J. Serrill

and C. O. Bond.

Section Meeting of May 17, 1918.

Twenty-four members and guests at-

tended the dinner, while approximately

sixty persons attended the final meet-

ing of the season.

On account of unexpected absence

Mr. H. Lyon was unable to give his talk

on the "Fundamentals of Illuminating

Engineering," as announced. Dr. Chas.

E. de M. Sajous delivered a paper on

"Relation of Light to Health." His

paper was illustrated by picture projec-

tions, showing various stages of diseases

which had been cured by exposure to

sunlight under the proper conditions.

He also showed pictures of patients,

with a minimum of clothing, apparently

enjoying the outdoor sunlight treatment

amid the snow-covered mountains of

vSwitzerland. Even though the paper

was essentially a medical subject there

was considerable discussion, showing the

versatility of the audience.

Reciprocal votes of thanks were given

by the retiring Chairman, Mr. Walton
Forstall, for the assistance which he
had received from the managers and
various committees, and also by the

members to the Chairman for his suc-

cessful administration.

CHICAGO.
Section Meeting of April 18, 1918.

The meeting was held in the Western
Society of Engineers' Auditorium at

which a paper by Frederick J, Pearson
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on "Mistakes in Engineering as Applied

to Illumination," was presented. The
paper was discussed by Messrs, J. R.

Cravath, F. A. Watkins, N. C. Spake,

J. J. Ryan, O. L. Johnson, F. H. Bern-

hardt, and I. H. Pierce. About thirty

members and guests attended the meet-

ing.

NEW ENGLAND.
Section Meeting: of May 21, 1918.

The last meeting of the season was
held at the Engineers' Club of Boston.
The papers included "Plant Protection"
by Edmund Leigh, Chief of Plant Pro-
tection, Military Intelligence Bureau,
Washington, D. C, "Timely Aspects of
Lighting" by Mr. M. Luckiesh, and
"Different Types of Flood Lights" by
Mr. H. H. Magdsick, National Lamp
Works, Nela Park, Ohio. The speakers
were introduced by Chairman Wallace.
Mr. Stickney gave a general talk on the
objects and policies of the Society.

Mr. Leigh gave a practical talk on
plant protection, bringing out many in-

teresting and important points on the
subject, emphasizing the importance of
good fencing, good lighting and efficient

watch service. Mr. Luckiesh, as usual,
gave a most interesting talk. Mr. Magd-
sick aided by lantern slides and ex-
plained the different types of flood lights.

The appropriateness of the subjects
probably accounts for the large attend-
ance, 85 members and 35 other inter-
ested persons being present. After the
talks a buffet luncheon was served.

NEWS ITEMS.

lighting Code of the Divisional Com-
mittee on Lighting.

A pamphlet officially entitled "Welfare
Work Series, No. 3, 1918; Code of

Lighting Factories, Mills and Other
Work Places" has been prepared by the

Divisional Committee on Lighting of the

Committee on Labor, Advisory Commis-
sion, Council of National Defense, the

members of which were nominated by

the Illuminating Engineering Society at

the request of the Committee on Labor.
This code has been published and is be-
ing distributed in pamphlet form by the
Committee on Labor, Washington, D. C.

lighting Code for Federal Industrial
Establishments.

The United States Employees' Com-
pensation Commission has issued a com-
pendium of Federal Standards for
Building Construction as prepared by the
Bureau of Standards in conjunction
with the Safety Engineers of Federal
Industrial Establishments. These stand-
ards include a lighting code for which
the I. E. S. is given credit in the follow-
ing paragraph

:

"A discussion of the elements of
satisfactory artificial lighting will

be found in the Industrial Light-
ing Code of the Illuminating En-
gineering Society upon the pro-
visions of which these rules are
based,"

Pennsylvania Industrial lighting Code.

The Industrial Board of the Depart-
ment of Labor and Industry of Penn-
sylvania adopted a lighting code on
April 13, 1916, which became operative

on June i of that year. This code was
revised February 13, 1918 and is now is-

sued in Vol. I, No. 16, of the Safety
Standards of the Industrial Board.
The first edition of the Pennsylvania

lighting code consisted of only two
pages containing rules. The revised

edition contains besides the rules, an
appendix giving general information and
suggestions relating to lighting, cover-
ing thirty pages.

Credit is given to the I. E. S. in the
last paragraph of the appendix as fol-

lows :

"The Department of Labor and
Industry is indebted to the Illumi-



46 TRANSACTIONS I. E- S.—PART I. VOIv. XIII, NO. 4, JUNE 10, I918

nating Engineering Society for their

co-operation and assistance in the

preparation of this Hghting code

and the provisions of this code meet

with their approval."

The principal revision was made in

the rule relating to the intensity of light.

The revised rules in full appear in this

number of the Tr.\xsactions.

was enlarged. A special committee was
appointed to investigate the status of in-

dustrial efficiency and to determine the

causes for a gain or loss.

Committee on Nomenclature and Stan-

dards.

The meeting of the Committee on

Nomenclature and Standards was held

on May 9th in New York. As a stand-

ard value for the mechanical equiva-

lent of light the figure 0.0015 watt per

lumen is recommended. A sub-commit-

tee was appointed to prepare a recom-

mendation regarding the proper cross-

ing point of spectrophotometric curves.

Engineering Council Activities.

The following brief sentences sum-

marize the activities of Engineering

Council as presented in a bulletin issued

by the Council under date of April 20,

1918:

The American Engineering Service

Committee has been very active in sup-

plying trained men for the Army and
Navy and in aiding in enlistments in

the aviation, tank and signal corps. The
War Committee of Technical Societies

continues its functions of selecting

worthy inventions from the many sub-

mitted for use by the War and Navy
Departments. The Public Affairs Com-
mittee passed a resolution urging authori-

ties of engineering schools "to direct all

their resources to the winning of the

War," particularly recommending that

instructors be relieved of routine duties

in order further to give their time to in-

struction of men learning war work. A
Water Conservation Committee was
created to give effective action to ques-

tions on the utilization and conservation

of water supplies for all public purposes.

A Military Aid Committee was appointed

to aid the Government in the supplying

and recruiting of special engineering

units. The question of licensing and
registering engineers under state laws

was referred to the Public Affairs Com-
mittee. The personnel of the Patents

Committee, organized to investigate re-

forms in the United States patent system,

Opportunities with Bureau of Mines.

The Bureau of Mines, American Uni-

versity, Washington, D. C, wishes the

services of men trained in the follow-

ing occupations. Communications should

be addressed to the Bureau of Mines:

Bacteriologists

Biologists

Chemists, Inorganic

Chemists, Organic

Chemists, Physical

Chemists, Electrochemical Engineers

Draftsmen

Electrical Engineers

Instrument Makers

Laboratory Assistants

Laborers

Machinists

Physiologists

Plumbers

Steamfitters

Stenographers

Skilled labor of various kinds.

Lectures on Factory Lighting.

A very interesting series of lectures

on the Code of Lighting Factories, Mills

and Other Work Places was aflforded

to the State Factory Inspectors of

the States of Pennsylvania and New
Jersey at the University of Pennsyl-

vania, on April 25 and May 9, 1918.

Those who delivered addresses and lec-

tures were Dr. Edgar F. Smith, Provost,

University of Pennsylvania; Dr. Harold

Pender, Professor-in-Charge, Depart-

ment of Electrical Engineering, Uni-

versity of Pennsylvania ; Acting Com-
missioner Lew R. Palmer, Department
of Labor and Industry, Pennsylvania;

Commissioner L. T. Bryant, Department
of Labor, New Jersey; Mr. G. H. Stick-

ney, Professor C. E. Clewell, and Wm.
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J. Serrill. "Specification of Quantity of

Light," "Relations of Glare to Factory

Lighting," and "Distribution of Light in

Factory Spaces," were the lectures de-

livered by Professor C. E. Clewell.

D. C. and W. B. Jackson, Consulting

Engineers, Boston and Chicago, have

circulated notices to the effect that they

will close their offices and suspend busi-

ness for the duration of the war as soon

as the various pieces of work with which

they are occupied can be completed.

This action has been taken on account

of the fact that two members of the

firm have gone into National Service

and the third member expects to do so

at an early date. It is the expectation

that this firm will resume business after

the close of the war.

GENERAL OFFICE.

Sell Your Transactions.

Members can aid the Society by send-
ing in extra copies of back numbers of
the Transactions as listed below. For
each of these copies received at the Gen-
eral Office in good condition, the Society

will remit fifty cents (50^).

Vol. I—Nos. I, 2, 3, 4, 5, 6, 7.

Vol. II—Nos. I, 2, 3, 4.

Vol. Ill—Nos. I, 4, 5.

Vol. VIII—Nos. I, 2, 3, 4.

Such copies as may be received in this

way will be placed for permanent refer-

ence on the shelves of libraries through-

out the country. If the library in your

neighborhood does not have the Trans-
actions please advise the General Office.
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ILLUMINATION INDEX.

Prepared by the Committee on Progress.

An index of references to books, papers, editorials, news and abstracts on illuminating engi-

neering and allied subjects. This index is arranged alphabetically according to the names of

the reference publications. The references are then given in order of the date of publication.

Important references not appearing herein should be called to the attention of the Illuminating

Engineering Society, 29 W. 39th St., New York, N. Y.

American Gas Engineering Journal

Industrial Lighting a Field of Wide
Opportunity that Presents No
Obstacle that Energy and Intelli-

gence Cannot Surmount

—

American Jonrnal of Ophth.almologry

Artificial Daylight Illumination for

Perimetric Study and General Of-

fice Use

—

Stereoscopic and Perspective Vision

—

Endurance of the Eye with Different

Illuminants

—

Astrophysical Journal

Generalization of the Problem of the

Rotation of Prisms Producing

Constant Deviation by Two Re-

fractions and One Internal Reflec-

tion

—

lJ The Visibility of Radiation in the Blue

End of the Visible Spectrum

—

Electrician (London, Eng.)

Filaments for Glow Lamps

—

Correction Factors for the Pentane

Lamp (Note)—
The Lighting of the Great Barrier

Reef (Note)—
Electrical Engineering

First Town Lighted by Electricity

—

Electrical Review (London, Eng.)

Methods of Directing and Concentrat-

ing Light-
Experiments on Electroculture

—

An Electrically Illuminated Fountain

—

News Item

Luther C Peter

Isadore Franklin

C. E. Ferree and

G. Rand

DATE PAGE

I918

Apr. 6 317

Mar.

Apr.

Apr.

News Item May

189

236

252

H. S. Uhler Mar. 65

L. W. Hartman Mar. 83

News Item Mar. 8 747

Apr. 12 846

Apr. 12 846

40

Lt. Com. H. T. Harrison,

R. N. V. R. Mar. 8 222

News Item Mar. 8 232

A. L. Powell Mar. 30 551



TRANSACTIONS I. EJ. S.—PART I. VOI.. XIII, NO. 4, JUNE 10, I918 49

V

Electrical Review (TT. S.)

Relation of Bureau of Standards to Il-

luminating Engineering

—

Indirect Lighting of a Church Audi-

torium

—

Interesting Electrical Features of Chi-

cago's Evangelistic Tabernacle

—

Common Sense Found Very Essential

in Illumination

—

Electrical World

Changing Aspects of Factory Lighting

Legislation

—

Specifications for Factory Lighting

—

Lighting Curtailment in the Indus-

tries

—

Conservation Versus Efficiency in

Lighting-

Daylight Saving May Lead to Higher

Rates

—

Light Projection M^ith Gas-Filled

Lamps

—

Gas-Filled Lamps for the "Movies"

—

Effect of Daylight Saving

—

Recent Developments in Marine Light-

ing (Abstract from London Engi-

neer, Mar. 8, 1918)—
Daylight Saving for Public Safety

—

Stimulating Production of Good Light-

ing-
Effect of the Change of Daylight

Saving

—

First Fruits of Daylight Saving

—

The Effect of Daylight Saving on
Load

—

Gas Becord

Aspect of Factory Lighting

—

General Electric Eeview

Standardized Flexible Distributing Sys-

tems in Industrial Plants. Part II,

Application

—

Fundamentals of Illumination Design

Part I ; Fundamental Concepts

—

Illnminating Engineer (London, Eng.)

The Lumen

—

Fluorescence and Phosphorescence

—

DATE PAGE

M. G. Lloyd Apr. 6 599

News Item Apr. 20 683

News Item Apr. 27 716

News Item Apr. 27 722

C. E. Clewell Mar. 30 665
Editorial Mar. 30 655

A. L. Powell Apr. 6 709

Editorial Apr. 6 70s

News Item Apr. 6 7ZZ
R. P. Burrows and

J. T. Caldwell Apr. 13 766

Editorial Apr. 13 758
News Item Apr. 20 833

Apr. 20 834

News Item Apr. 20 838

Editorial Apr. 27 862

News Item Apr. 27 893

Editorial May II 966

News Item May II 972

R. ff. Pierce Apr. 10 238

Bassett Jones Apr. 285

Ward Harrison May 353

F. W. Willcox Feb. 61

S. G. Sheppard Feb. 62
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Industrial Management

The Design of Low Voltage Under-

ground Lighting Systems (Abstract

from ColHery Guardian, Jan. 25,

1918)-
The Engineering Index, May Search-

Hghts (Prof. Men, Mar., 1918)—
Journal of Electricity

DayHght Saving and Central Station

Load

—

Jonrnal Franklin Institute

A Neutral-tint and Variable-tint

Screen

—

The Measurement of Transmission

Factor (Note)—
The Ultra-violet Spectrum of the

Tungsten Arc (Note)—
Journal Institute of Electrical Engineering

(London, Eng.)

Electric Lighting of Ecclesiastical

Buildings

—

Monthly Weather Review, United States

Department of Agriculture

Daylight Saving Act of March 19,

1918—
"Summer Time," or Daylight Saving in

Other Countries

—

Municipal Journal

Street Lighting in Buffalo

—

Lincoln's (Nebraska) Lighting Depart-

ment

—

Economizing in Street Lighting

—

"Lightless Night" Suspended, Wash-
ington, D. C.

—

National Electric Light Association

Bulletin

Inefticiency of Carbon and Gem
Lamps

—

Nature (London, Eng.)

The Stimulation of Plant-growth by

Electric Fields

—

Proceedings Royal Society (London, Eng.)

The Behavior of Scattering Media in

Fully Diffused Light-
Ultra-violet Transparency of the Lower

Atmosphere, and Its Relative Pov-

erty in Ozone

—

L. Fokes

R. Havdock

E. Karrer

M. Luckiesh and

L. L. Mellor

M. Luckiesh

W. Wilson

News Item

News Item

News Item

NcAvs Item

News Item

News Item

News Item

News Item

H. J. Channon
F. F. Renwick and

B. V. Storr

R. J. Strutt

DATE PAGE

Apr. 343

May 432

W. G. Vincent, Jr. May i 446

Apr. 539

Apr. 551

Apr. 552

Mar. 193

Feb. 75

Feb. 77

Mar. 30 267

Apr. 6 281

Apr. 27 346

May 4 380

Apr. 215

Mar. 7 4

Mar. I 222

Apr. 2 260
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Railway Electrical Engineer

Importance of Correct Lighting in the

Shop

—

Chicago and North Western Car Light-

ing Equipment

—

Science Abstracts, Sections A and B
(London, Eng.)

Donble-arc Lamps for Low-frequency

Three-phase Working (Abstract

from Rev. Gen. d'El. 2, p. 975,

Dec. 22, 1917)—
Tungsten Filaments (Abstract from

Elektrot, u. Maschinenbau 35, p.

501, Oct. 21, 1917)—
Humidity Correction Factor for Pen-

tane Lamp (Abstract from Elec-

tro-Techn. Laborat., Dept. of Com-
munications, Tokyo, Oct., 1917)—

The Constant O in the Stefan-Boltz-

mann Law (Abstract from N.

Cimento, 13, p. 142, Feb., 1917)

—

Further Investigation with Arcs Under
Pressure (Abstract from Elek.

Zeits. 38, p. 573, Dec. 6, 1917)—
Siemens and Halske Globe Photom-

eter (Abstract from Elekt. Zeits.

38, p. 605, Dec. 27, 191 7)—
Scientific American Supplement

Light Projection

—

Scientific Monthly

The Research Couplet ; Research in

Pure Science and Industrial Re-

search

—

Transactions Illuminating Engineering
Society

Code of Lighting School Buildings

—

The General Level of Illumination In-

tensities in Large Department
Stores of New York City

—

An Indirect Lighting System in a Tex-
tile Plant-

Abstract—An Aspect of Light, Shade,

and Color in Modern Warfare

—

A. L. Powell

News Item

DATE PAGE

Apr. 97

Apr. 102

A. Blondel (Sec. B) Feb.

Schroter (Sec. B) Feb.

W. Mathiesen

78

79

K. Takatsu and

M. Tanaka Mar. 106

M. Kahanowicz Mar. 120

Mar. 122

C (

R- V. Voss Mar. 124

C. A. B. Halvorson and

R. B. Hussey Apr. 20 254

Wm. A. Hamor Apr. 319

W. F. Little and

J. F. Dick

Geo. Wrigley

M. Luckiesh

Apr. 30 187

Apr. z^ 201

Apr. 30 213

Apr. 30 216
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COUNCIL NOTES.

ITEMS OF INTEREST FROM THE
COUNCIL MEETING OF

JUNE 13, 1918.

Annual Convention Details.

At the last meeting of the Council the

recommendations of the Committee on

Time and Place were approved. These

recommendations called for the holding

of a one-day convention on the day of

the annual meeting of the Society, Octo-

ber 10, 1918, in New York. This will be

strictly a war convention ; only those

matters having to do directly with light-

ing and its relation to the successful

outcome of the war will be discussed.

There will be no entertainment features

of an3^ kind provided. A convention

committee will be appointed at the next

meeting of the Executive Committee of

the Council, which will be held on July

loth.

Educational Institutions in War
Service.

At the last meeting of the Council the

President read resolutions to the Gov-
ernment that had been prepared by

Engineering Council urging that the

teaching staffs of all universities and

colleges should not be too greatly de-

pleted through enlistments and the draft.

in order that the country might not be

deprived in the future of technically

trained engineers. Council endorsed

these resolutions.

New Members.

Upon recommendation of the Board

of Examiners the following applicants

were elected to membership

:

Two Members.

A. Bergman
Chief Engineer,

Ordnance Engineering Corp.,

120 Broadway,

New York, N. Y.

James W. West
Plant Engineer,

The Forbes Lithograph Mfg. Co.,

Chelsea, Mass.

Two Transfers to Membership.

A. R. AcHEsoN
Consulting Engineer,

216 City Hall,

Syracuse, N. Y.

Lawrence L. Strauss

Electrical Contractor and Engineer,

^2 West 125th St.,

New York, N. Y.

Nineteen Associate Members.

R. L. Beach
Edison Lamp Works,

Harrison, N. J,
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Peter A. Coghlin

Economy Electric Co.,

22 Foster St.,

Worcester, Mass.

Charles Deshler
Edison Lamp Works,

Harrison, N. J.

John E. Edwardes
Electrical Contractor,

The E. & M. Electric Co.,

35 Hartford St.,

Boston, Mass.

H. J. Flaherty
Assistant Engineer Street Lighting

Dept.,

General Electric Co.,

West Lynn, Mass.

Carl T. Fuller
Incandescent Lamp Engineer,

Edison Lamp Works,

Harrison, N. J.

G. H. Hamond
Salesman,

Westinghouse Lamp Co.,

ID High St.,

Boston, Mass.

Fred P. Kelley
Salesman and Special Representative,

Warner Lenz Co.,

914 S. Michigan Ave.,

Chicago, 111.

J. T. Kerens
Incandescent Lamp Specialist,

Edison Lamp Works,

84 State St.,

Boston, Mass.

A. H. Magnuson
Chief Electrician,

Graton & Knight Mfg. Co.,

Franklin St.,

Worcester, Mass.

Eugene F. McCarthy
General Electric Co.,

W^est Lynn, Mass.

Julius November
Draughtsman,

Westinghouse Lamp Co.,

Bloomfield, N. J.

Harry H. Needham
Incandescent Lamp Engineer,

Edison Lamp Works,

Harrison, N. J.

J. C. Parker

Professor of Electrical Engineering,

University of Michigan,

Ann Arbor, Mich.

C. E. Parkhurst
Designer of Lighting Fixtures and

Architectural Metal Work,

Gorham Co.,

386 Fifth Ave.,

New York, N. Y.

E. Alfred Kendall
Illuminating Engineer,

Central Hudson Gas & Electric Co.,

50 Market St.,

Poughkeepsie, N. Y.

Milton D. Riley

Specialist on Illuminating Devices,

Western Electric Co., Inc.,

585 Summer St.,

Boston, Mass.

H. A. TULLIDGE

Manager, Incandescent Lamp Dept.,

Union Electric Co.,

933 Liberty Ave.,

Pittsburgh, Pa.

Howard I. Wood
Incandescent Lamp Engineer,

Edison Lamp Works,

Harrison, N. J.

New Council and Section Officers.

Council received the report submitted

by the Committee of Tellers and con-

firmed the election of the Council and
Section officers for the fiscal year 1918-

1919. Following is a full list of Council
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and Section officers who will act in their

respective official offices for the year

1918-19. (Those names in bold face

type indicate newly elected officers.)

Of'Ficers and CounciIv, 1918-1919.

President:

George A. Hoadley

Junior Past Presidents:

William J. Serrill

George H. Stickney

Vice-Presidents:

Otis L. Johnson

H. K. Morrison

W. Greeley Hoyt

C. E. Stephens

H. A. Hornor

General Secretary:

Clarence I. Law

Treasurer:

L. B. Marks

Directors:

C. A. Luther

D. McFarlan Moore

P. G. Nutting

R. ff. Pierce

S. C. Rogers

P. S. Young
John C. D. Clark

Evan J. Edwards

frames J. Xirk

Section Officers, 1918-1919.

New York Section:

Chairman

:

F. M. Feiker

Secretary

:

L. C. Porter

Managers

:

W. J. Clark

John P. Hanlan
L. J. Lewinson
G. W. Magalhaes
John P. Radcliffe

New England Section:

Chairman

:

H. F. Wallace

Secretary

:

Horace W. Jordan

Managers

:

G. N. Chamberlin

John C. D. Clark

Raymond A. Fancy
F. A. Gallagher, Jr.

A. F. Nelson

Philadelphia Section:

Chairman

:

James D, Lee, Jr.

Secretary

:

H. B. Andersen

Managers

:

C. E. Clewell

Washington Devereux
R. B. Duncan
W. L. Robertson

N. Wiley Thomas

Chicago Section:

Chairman :

A. 0. Dicker

Secretary:

Frederic A. DeLay

Managers :

F. Fowle

James J. Kirk

A. H. Meyer
W. W. Soffe

F. A. Watkins
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SECTION ACTIVITIES.

PHILADELPHIA.

Section Meeting of April 20, 1818—
Correction.

In \'oliime XIII, No. 4 Transactions,

appeared a brief report of the above

meeting::. Mrs. Mary Hallock-Greene-

walt who gave a recital on the "Relation

of Light to Music" calls to our atten-

tion the following statement which more

accurately presents the aspects of the

presentation

:

"The idea is rather to invest light and

its color powers with that sensitiveness

of expression which could allow it to

occupy the center of the stage parallel to,

and in sj-mpathetic union with any other

art, no matter how fine, transitory or

subtle its succession."

"As a matter of fact, light turned into

a fine art has been linked so 'here and

there' with music because music happened

to be the vocation of the individual

launching the idea, first publicly on April

15, 191 1, and naturally discussed some-

time sooner."

Mrs. Greenewalt further states that

"there is no more organic, inherent or

visualizing relation between light and

music than there is between light and any

expressed feeling. I am glad it was saved

for the most spiritual and subtle medium

of expressing music first."

CHICAGO.

Section Meeting of May 27, 1918.

A joint meeting of this Section with

the Western Society of Engineers and

American Institute of Electrical Engi-

neers was held at the meeting room of

the Western Society of Engineers of

Chicago. Mr. F. A. Vaughn of Vaughn

& Meyer, Consulting Engineers of Mil-

waukee, presented a paper on "Regu-

lation of Street Series Lamps" which

was discussed by Messrs. F. H. Bern-

hard, L. M. Hecker, P. S. Millar, J. J.

Ryan and E. M. Tompkins. Fifty-three

members and guests attended this meet-

ing which was the last meeting of the

regular program of this Section for the

present season.

Section Meeting of June 13, 1918.

A very interesting meeting was held

by this Section of the Society at which a

paper was presented by Mr. Charles A.

Luther, of the Peoples Gas Light &
Coke Company, on the "Training of a

Lighting Salesman." The paper was

discussed by Messrs. E. H. Freeman,

Albert Scheible, Frederic A. DeLay,

George H. Severn, Alfred O. Dicker

and Terrell Croft.

NEWS ITEM.

Committee on Automobile Headlighting

Specifications.

The Committee on Automobile Head-

lighting Specifications held a meeting on

the 3rd, 4th and 5th of June, and in

connection with this meeting conducted

certain road tests of automobile head-

lights. The specific and immediate pur-

pose of the meeting was to prepare for

the Secretary of State of the State of

New York a set of specifications under

w^hich headlighting devices might be

subjected to laboratory tests to deter-

mine their conformity to the iccently

amended New York State Highway
Law. Mr. G. B. Nichols, Chief Engi-

neer of the State Architect's Office in

Albany, and Local Representative of

the Society in Albany, represented the

Secretary of State at this meeting. The
Lighting Division of the Standards

Committee of the Society of Automotive
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Engineers joined with the I. E. S. Com-
mittee in this meeting, and the I. E. S.

Committee on Lighting Legislation was

represented by its Chairman, Mr. L. B.

Marks. The points in the New York
State Highway Law which could be cov-

ered by tests are briefly as follows

:

"The front lights shall be so arranged,

adjusted and operated as to avoid dan-

gerous glare or dazzle, and so that no

dangerous or dazzling light projected to

the left of the axis of the vehicle when
measured 75 ft. or more ahead of the

lamps, shall rise above 42 in. on the

level surface on which the vehicle

stands."

"Front lights shall be sufficient to re-

veal any person, vehicle or substantial

object on the road straight ahead of

such motor vehicle for a distance of at

least 200 feet."

As the result of the consideration of

the various experimental data which

were made available by these and by

previous tests, the Committee formu-
lated a specification for the laboratory

test of headlighting devices which was
submitted to the Secretary of State, and

which after a public hearing held by him
on June 25th, was formally adopted.

Briefly, this specification states that the

intent of the New York State Highway
Law is deemed to be compHed with if

the following conditions are fulfilled

:

(a) Any pair of headlamps under the

conditions of use must produce

a light which, when measured
on a level surface on which the

vehicle stands at a distance of

200 ft. directly in front of the

car and at some point between
the said level surface and a

point 42 in. above this sur-

face, is not less than 1,200

apparent candlepower.

(b) Any pair of headlamps under the

conditions of use shall produce

a light which, when measured
at a distance of 100 feet directly

in front of the car, and at a

height of 60 in. above the

level surface on which the ve-

hicle stands, does not exceed

2,400 apparent candlepower, nor
shall this value be exceeded at

a greater height than 60 in.

(c) Any pair of headlamps under the

conditions of use shall produce
a light which, when measured at

a distance of 100 ft. ahead of

the car, and 7 ft. or more to

the left of the axis of the

same, and at a height 60 in. or

more above the level surface on
which the vehicle stands, does

not exceed 800 apparent candle-

power.

It also lays down with considerable

elaboration the tests which must be con-

ducted in the laboratory to determine

whether any given device will produce
the results which are contemplated in

the above interpretation of the law.

The method by which headlight per-

formance is specified is believed to be

quite a novel one, and although the

numerical limits imposed are very

lenient, and are based upon the present

state of the headlighting art, having in

view the large number of cars already

provided with more or less satisfactory

devices, it is hoped that this method of

specification taken in connection with

laboratory tests should result in a grad-

ual but marked improvement in road

conditions.

Engineering Council Activities.

The following brief sentences sum-
marize the activities of Engineering

Council as presented in a bulletin by
the Council under date of June 24, 1918

:

The organization meeting of Engineer-
ing Council was held June 27, 19 17, and
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the meeting held on June 20, 1918, com-
pletes the first year of the Council's activ-

ities. During the year the Council has

done much to perfect its organization, to

strengthen its relationships with the socie-

ties and the Government and has accom-
plished much useful work. In order to

have more intimate contact with the

branches of the national societies and
other local organizations of engineers, the

Secretary of Engineering Council is plan-

ning, during July and August, to visit the

following cities in which there are impor-

tant groups of engineers: Milwaukee,
Denver, Salt Lake City, Reno, San Fran-

cisco, Portland, Seattle, Spokane, Butte,

St. Paul, Minneapolis, Duluth, Detroit,

Cleveland and Buffalo. In May a trip

was made to Chicago, St. Louis and Pitts-

burgh with pleasant and satisfactory

results.

Protective Lighting.

A pamphlet on "Protective Lighting,"

material for which was prepared for

the Government by the Illuminating

Engineering Society's Committee on

War Service, has been printed at the

Government Printing Office in Washing-
ton. Copies of this may be obtained

upon application to Major-General J.

McI. Carter, Chief MiHtia Bureau,

Washington, D. C.

Under date of April 8th, the following

communication was sent by the United

States Fuel Administrator to all County

Administrators

:

"To even the most casual observer it is evi-

dent that a large saving of coal can be effected

by a more judicious system of street lighting.

In many places lamps are lighted long before

dark—even before sundown—and kept burn-

ing after daybreak. This should be stopped;

the lighting at night delayed, and the lamps

extinguished early in the morning.

"You will frequently find certain streets or

certain areas of cities flooded with light.

Great 'White Ways' and a similar prodigal

use of light may be all right in peace times,

but in war times such excessive lighting

should be eliminated. Use no more lights

than will reasonably well light your streets

—

don't burn light for display.

"In the early development of street light-

ing, when the moon shone brightly, street

lamps were not lighted. It might not be a

bad idea to again adopt this scheme. The
use of sufficient light is to be encouraged, but
its waste discouraged.

"When inefficient lamps are in use, substi-

tute the better ones—you will get more light

with a less consumption of coal.

"Street lighting contracts usually require

that lamps burn a definite number of hours

per annum or that they be lighted at or before

sunset and extinguished about sunrise. In

such cases a readjustment or contract require-

ments will be necessary. It is suggested by
the Fuel Administration that you get in touch

v,ith all political subdivisions, cities, towns,

etc., within your jurisdiction having any such

contracts and require them to arrange with

the various companies for such modification

of these contracts as will result in the most

advantageous consumption of coal. You might

require all new schedules of lighting to be

approved by you or by your State Fuel

Administrator.

"For your information, we might add that

this office 's considering the issuance of an

order prohibiting outside display lighting other

than during the hours of street lighting.

"Very truly yours,

"U. S. FUEL ADMINISTRATOR.
"(Signed) P. B. Noyes,

"Director of Conservation."

A Council on Eyesight.

(Excerpt from The Electrician (Lon-

don), May ID, 1918, page 22.)

Following a meeting of ophthalmic

surgeons, recently held at the house of

the Royal Society of Medicine, it has

been decided to set up a standing ad-

visory council on all matters relating to

eyesight. The acting and past presi-

dents of the Ophthalmological Society

and of the Section of Ophthalmology of

the Royal Society of Medicine, will be

permanent members, and the Council

will have power to co-opt others inter-

ested in various aspects of the problem.
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Code of Lighting for Factories, Mills

and Other Work Places.

The State of New Jersey has officially

issued in pamphlet form copies of the

above Code. Mention is made in the

last paragraph of this pamphlet that

:

The Department of L,abor is indebted

to the I. K. S. for their co-operation and

assistance in the preparation of this light-

ing Code and the provisions of this Code

meet with their approval.

A limited number of copies of this

Code are at the General Office and will

be issued upon request.

I. E. S. WAR NOTES.

Naval Aircraft Factory.

The Naval Aircraft Factory of the

Navy Yard, Philadelphia, Pa., has for-

warded to this office a letter advising

that technically trained men are urgently

needed at this factory principally for

drafting work, assembHng of materials,

design of machine tools, erection and

inspection. Communications should be

addressed to J. H. Willits, Employment
Superintendent, U. S. Naval Aircraft

Factory, Philadelphia, Pa.

Red Cross Institute for Crippled and
Disabled Men.

The above organization recently issued

a letter under date of May 21st ad-

dressed to the editors of various tech-

nical journals throughout the country,

urging employers to consider the advis-

ability of placing crippled or disabled

soldiers and sailors in positions which
their future would depend upon initia-

tive and ability. The presentation

decried employment of such men in

positions which would not provide

opportunity for advancement. The fol-

lowing striking paragraph presents sug-
gestions to employees

:

To stiidy the jobs under his jurisdic-
tion to determine what positions might be
satisfactorily held by cripples. To give
the cripples preference for these jobs.
To consider thoughtfully the applications
of disabled men for employment, bearing
in mind the importance of utilizing to as

great an extent as possible labor which
would otherwise be unproductive. To do
the returned soldier the honor of offering

him real employment, rather than proffer-

ing him the ignominy of a charity job.

GENERAL OFFICE.

Eesignation of the Assistant Secretary.

Mr. C. D. Fawcett, who has acted in

the capacity of Assistant Secretary of

our Society for the past two years, has

tendered his resignation, which took

effect June 22nd. He is associated with

the electrical engineering staff of Monks
& Johnson, consulting engineers and

architects, engaged in the Emergency
Fleet Corporation to design certain ship

yards throughout the country. It is a

matter of regret to have lost the services

of Mr. Fawcett in the General Office

because of his conscientious work while

he was associated with us. This feeling,

however, is ameliorated because the

character of his new position will mean
a further service to the Government.

Sell Your Extra Copies of the

Transactions.

Members can aid the Society by send-

ing in extra copies of back numbers of

the Transactions as listed below. For
each of these copies received at the

General Office in good condition, the

Society will remit fifty cents (50^).

Vol. I—Nos. I, 2, 3, 4, 5, 6, 7.

Vol. II—Nos. I, 2, 3, 4, 8.

Vol. Ill—Nos. I, 2, 3.
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Vol. VI—No. 4.

Vol. VII—No. 3-

Vol. VIII—Nos. I, 2, 3, 4.

Vol. IX—Nos. 2, 3, 5, 7.

Vol. X—No. I.

Vol. XI—No. 9.

OBITUARY.

;Mr. James Thomas Maxwell, General

Agent of the Philadelphia Electric Com-
pany and an active member of the

Illuminating Engineering Societ}', died

at his home in Woodbury, N. J., on May
27th, at the age of 68 years.

Mr. Maxwell's association with the

Society commenced as Secretary of the

Organizing Committee of the Philadel-

phia Section in 1906. W^hen the second

convention of the Society was held in

Philadelphia in September, 1908, he was
the Chairman of the Finance Committee,

a member of the Reception and Enter-

tainment Committee and Treasurer of

the convention, and to him was largely

due its success and the pleasant mem-
ories of those who attended that occa-

sion. He was Chairman of the Phila-

delphia Section, 1909-10, and Vice-Presi-

dent of the Society representing that

Section in 1911-12.

^Ir. Maxwell attended most of the

conventions of the Society and, although

he did not take an active part in the

discussions he was always interested in

the proceedings, as well as in the meet-

ings of the local section. Upon these

conventions he always looked back with

pleasure, as was shown by the various

photographs he had upon the walls of

his office of the groups of members
taken at the various places.

jurCaving New York early in life Mr.

Maxwell moved to Philadelphia where

he engaged in telegraphy, afterwards

becoming manager of the Bankers and

Merchants Telegraph Company, a local

institution which did considerable busi-

ness in its day. In September, 1888, he

entered the services of the Edison Elec-

tric Light Company and became the

General Agent of the Philadelphia Elec-

tric Company after the consolidation of

the various electric light companies in

that city.
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ILLUMINATION INDEX.

Prepared by the Committee on Progress.

An index of references to books, papers, editorials, news and abstracts on illuminating engi-

neering and allied subjects. This index is arranged alphabetically according to the names of
the reference publications. The references are then given in order of the date of publication.

Important references not appearing herein should be called to the attention of the Illuminating
Engineering Society, 29 W. 39th St., New York, N. Y.

American Journal of Ophthalmology

The Color Sense (Abstract)—
Binocular Perception of Brightness

(Abstract)—
Test for Color Blindness

—

Astrophysical Journal

The Effect of Size of Stimulus

and Exposure-Time on Retinal

Threshold

—

Electrical Merchandising

The Farm-Lighting Proposition

—

Electrical Record

The Lighting System and Its Fittings

for the Automobile

—

Electrical Review (TJ. S.)

Lighting Offices and Drafting Rooms

—

Lighting of Offices and Drafting

Rooms, II

—

Rider Multifilament Incandescent

Lamp

—

Better Lighting of Machine Shops

—

Urgent Need for Improved Lighting

of Industrial Plants

—

Electrical World

Good Lighting Helps in Winning the

War-
Electric Railway Journal

Reducing Lighting Maintenance Costs

—

Gas Age

Gas Office in New York City Lighted

by Gas

—

General Science Quarterly

Color Blindness

—

Journal of Electricity

Peak Loads Under Daylight Saving

—

Birger Mailing

W. P. C. Zeeman
S. Ishilhara

P. Reeves

F. B. Rae, Jr.

News Item

Ward Harrison

Ward Harrison

News Item

F. H. Bernhard

Editorial

News Item

W. C. Wefel

News Item

P. A. Maxwell

C. A. Andrus

DATE

1918

May

May
May

June

PAGE

362

358

376

Apr. 141

May 230

66

May 18 825

May 25 864

May 25 891

June I 907

June I 916

June 8 1 194

May 18 978

Alay 15 445

Mar.

May 15 498
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Journal Franklin Institute

Atomic Heats of Tungsten and of

Carbon at Incandescent Tempera-

tures (Note)—
The Visibility of Radiation in the BUie

End of the Spectrum (Note)—
Effect of Hydrogen on the Electrical

Resistivity of Carbon (Note)—
The Efficiency of Light-Production in

Organisms

—

The Visibility of Radiation (Note)—

Journal Institute of Electrical Engineers

The Evolution of the Thermionic

Valve

—

Illuminating Engineer (London)

The Lumen ("Average Candle-

power")

—

Fluorescence and Phosphorescence

—

The New Lighting Restrictions (Edi-

torial)

—

Co-operation between the Illuminating

Engineer and the Architect (Edi-

torial)

—

A Survey of Methods of Directing and

Concentrating Light

—

Lighting, Heating, and Power Order,

1918—

Industrial Management

Color in Illumination (Abstract from

Engineers' Club of Philadelphia,

April, 1918)—
Nature

War-Time Research in the United

States (Letter to editor)—
The Organization of Scientific and

industrial Research

—

Philosophical Magazine

Note on Fox Talbot's Method of Ob-

taining Colored Flames of Great

Intensity

—

On Wood's Criticism of Wien's Dis-

tribution Law

—

The Resolution of Mixed Colors by

Differential Visual Diffusivity

—

DATE PAGE

I918

A. G. Worthing May 707

L. W. Hartman May 709

T. Peczalski May 710

E. Karrer June 775

Edw. P. Hyde
W. E. Forsythe and

F. E. Cady June 829

R. L. Smith-Rose Apr.

Beatrice Irwin June

News Item

253

F. W^ Willcox Feb. 61

Dr. S. G. Sheppard Feb. 63

L. Gaster Mar. 67

L. Gaster Mar. 70

H. T. Harrison Mar. 72

Mar. 92

520

Apr. 25 148

Apr. 25 155

G. A. Hemsalech May 382

Harold Jeffreys May 410

H. E. Ives May 413
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Physical Review

Young's Modulus o£ Drawn Tungsten

and Its Variation with Change of

Temperature, Including a Deter-

mination of the Coefficient of

Expansion

—

The Visibility of Radiation in the Blue

End of the Visible Spectrum

(Note)—
Railway Electrical Engineering

War-Time Economy in Railway Coach

Lighting-

Shop Lighting for Production and

Safety

—

Science

The National Research Council

—

Scientific American Supplement

Covering Power of Lenses and Stray

Light in the Camera

—

Transactions I. E. S.

Rockets and Illuminating Shells as

Used in the Present War

—

Motion Picture Projection with Tungs-
ten Filament Lamps

—

Revised Rules of the Code of Lighting

Factories, Mills and Other Work
Places

—

H. L. Dodge

L. W. Hartman

L. C. Porter

Wm. A. D. Evans

News Item

News Item

A. Bergman

J. T. Caldwell

A. R, Dennington

J. A. Orange and

L. C. Porter

DATE

I918

Apr.

Apr.

May

May

May 24

PAGE

311

327

133

141

511

May 25 333

June 10 219

June 10

June 10

232

256
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COUNCIL NOTES.

ITEMS OF INTEREST FROM THE
MEETING OF THE COUNCIL
EXECUTIVE COMMITTEE
HELD ON JULY 10, 1918.

1918 Convention.

Mr. D. McFarlan Moore was ap-

pointed Chairman of the 1918 Conven-

tion Committee. Pending a meeting of

the committee yet to be appointed, no

details of the convention have as yet

been formulated. The convention, how-
ever, will be along the lines of the im-

portance of lighting during the present

war period.

Council Meetings Suspended.

The last regular meeting of the Coun-
cil preceding the summer session was
held on June 13th. The present Council

and the newly elected Council for the

fiscal year of 1918-1919 will meet in

joint session on October 10, 1918. At
this time the formal transfer of admin-

istrations occurs. During the summer
months the Council Executive Commit-
tee consisting of five officers of the

Council, is authorized to meet and trans-

act such business as may be necessary.

of Examiners the following applicants

were elected to membership

:

One Member.
Marshai,!, W. Hanks

Standards Manager,

Society of Automotive Engineers,

Inc.,

29 West 39th St.,

New York, N. Y.

Two Associate Members.

Frederick W. Buss
Lamp Salesman,

Edison Lamp Works,
1012 Turks Head Bldg.,

Providence, R. I.

Keyih Soochin Yuen
American General Electric Edison
Corp. of China,

Shanghai, China.

New Members.

Upon recommendation of the Board

Committee on Sky Brightness.

Through the interest shown in the

subject of daylighting by engineering

editors of the American Architect and
the Metal Worker, who had come to the

Society's headquarters for information

on the subject, the question of the

formation of a committee to investigate

daylighting was presented to Council.

According to Constitutional require-

ments, a letter ballot was submitted to

the members of the Council, as a result

of which a committee was appointed
and Mr. William F. Little was made
Chairman,
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Resolutions Regarding the Death of

Mr. James T. Maxwell.

The following resolution was adopted

and ordered incorporated in the regular

minutes of the Society

:

Resolved, That the Executive Com-
mittee of the Society having just learned

with deep sorrow of the death of our
friend and co-worker, James T. Max-
well, desires to place on record our
appreciation of the ability and devotion

which he has always shown and served

in the interest of the Society. During
the period of his connections with the

Society he served as a valuable officer,

having acted in the capacity of Chair-

man of the Philadelphia Section from
1909-10, and Vice-President representing

that Section from 1911-12. We deeply

deplore the loss and offer or profound
sympathy and sincere condolence to his

family at this time. He gained the re-

spect of every one who knew him, or

came in contact with him in any way,

and his memory will remain dear to

us all

;

Resolved, That this tribute be re-

corded on the minutes of the Society

and a copy be forwarded to his family.

SPECIAL ARTICLE.

President-Elect Dr. George A. Hoadley,

1918-1919.

Dr. George A. Hoadley was born in

Sheffield, Mass., December 2, 1848, and

graduated from Union College, Schenec-

tady, N. Y., in 1874, with the degrees

from both the Scientific and Civil Engi-

neering Courses. Until 1888 Dr. Hoad-

ley was principal of the High Schools

in Argyle, N. Y., Fort Edward, N. Y.,

Florence and Northampton, Mass., after

which he became head of the Department

of Physics in Swarthmore College until

1894. From 1894 to 1914, he was Vice-

President of Swarthmore College, when

he retired from active college work.

"The Essentials of Physics," pubHshed

in 1913, is the latest work of Dr.

Hoadley.

He is a charter member of the Amer-
ican Physical Society, a Fellow of the

American Physical Society, a Fellow of

the American Association for the Ad-
vancement of Science, Associate Mem-
ber of the American Institute of Elec-

trical Engineers. He was Chairman of

the Philadelphia Section of the A. I.

E. E. for one year, and a member of

the Board of Managers of the Franklin

Institute.

Prior to his election as President,

Dr. Hoadley held the following offices

in the Illuminating Engineering Society

:

Chairman Philadelphia Section 1913.

Vice-President 1914-15, 1915-16.

Dr. Hoadley is at present serving

in the capacity of Acting Secretary of

the Franklin Institute, in the absence of

the Secretary, Major R. B. Owens, who
is in active military service overseas.

NEWS ITEMS.

The Enemy Submarine.

Members of the Illuminating Engi-

neering Society have received recently a

pamphlet entitled "The Enemy Subma-
rine." This pamphlet was issued to

them as a result of the Society's affilia-

tion with Engineering Council's War
Committee of Technical Societies, which

in turn is affiliated with the Naval Con-

sulting Board. It is anticipated that

other pamphlets on live war problems

will be issued to members in the near

future. It is hoped that the informa-

tion thus conveyed will assist to pro-

mote good engineering consideration of

these problems and stimulate members'

inventive faculties to the end that aid

may be rendered the Government in the

effective prosecution of the war.
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Protective Lighting.

There has been issued from the office

of the Adjutant General of the War
Department a pamphlet (document No.

800) on "Protective Lighting." This

sets forth the general principles and

practice of protective lighting of indus-

trial plants and public works as a means

of defense. It covers the lighting of

building exteriors, the lighting of ship-

building plants, lighting for construction

work, lighting of piers, docks, bridges,

dams and the protective lighting of in-

teriors. It is illustrated to show prac-

tice and lighting equipment. The legend

on the pamphlet states that it has been

prepared for the U. S. Government by

the Committee on War Service of

the Illuminating Engineering Society.

Copies may be obtained upon application

to Major General J. McI. Carter, Chief

Militia Bureau, Washington, D. C, or

from the General Office where a limited

number of copies are on hand.

Rehabilitation of Our Wounded.

The following is taken from a leaflet

sent to the General Office by the Treas-

ury Department, Bureau of Publicity,'

Washington, D. C.

:

Perhaps none of the various uses to

which the proceeds of the Liberty Loan
are to be devoted appeals more strongly

to the American people than the rehabil-

itation and re-education of our wounded
men. To teach these men, to train and
fit them for useful and gainful occupa-

tions, when by reason of loss of sight

or limbs or other injuries they are ren-

dered unable to pursue ordinary voca-

tions, is the work in which every Amer-
ican has a heartfelt interest.

Compensation will be allowed them
and family allowances will be paid their

families as if they were in actual service

while they are taking the training, and

every method known to science will be
used to restore our wounded men to

health and usefulness.

This work has been delegated by Con-
gress to the Federal Board for Voca-
tional Education. The board publishes
at Washington a monthly bulletin, deal-
ing with its work, called The Vocational
Summary, which will be sent free to

anyone upon request.

Opportunities with Bureau of Oil

Conservation.

The Bureau of Oil Conservation, Oil
Division, U. S. Fuel Administration, is

desirous of securing a combustion engi-

neer for each of the following districts,

who will act as an inspector visiting all

plants within his district using fuel oil

and natural gas: Boston, Providence,

New York City, Philadelphia, Pitts-

burgh, Buffalo, Detroit, Chicago, Minne-
apolis, Tulsa, New Orleans, and San
Francisco.

It is desirable to have these men act

as volunteers where possible, but the

Administration is prepared to pay a
reasonable compensation for men who
cannot afford to give their services to

the Government. Only men who have
had experience in fuel oil and natural

gas combustion would be of value.

Commi tee on Automobile Headlighting

Specifications.

The specifications for acceptance test-

ing of headlights under the New York
State Law which were submitted to

Secretary of State Hugo were adopted
by him on June 25th after a public hear-
ing at which a large number of manu-
facturers of headlighting appliances

were present and discussed them. Only
a few changes were made and these
were entirely verbal. Copies of the
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Specifications may be obtained by apply-

ing to the Secretary of State, Albany,

N. Y.

Night Lighting the Factory.

A series of articles entitled "Night

Lighting the Factory" has been pub-

Hshed in The American Architect of

June 19-26 and July 10. Recognizing the

importance of this subject, this journal

published the articles for the purpose

of furnishing architects sufficient data

to approximate the amount of light re-

quired and the disposition of the light-

ing units. This understanding of the

subject will make the architect more

amenable to the requirements of the

illuminating engineer and give them a

better appreciation of the subject. The

data is based on the requirements of

the Pennsylvania Department of Labor

and Industry and other sources of

information.

The Illuminating Engineering Society

aided in providing some of the material

and illustrations. Mention is made of

the work accomplished by the Society

in developing the scientific aspects of

this work and in aiding in the enact-

ment of lighting laws in several states.

Life Insurance Company Urges Good

Illumination.

One of the life insurances companies

through its Policyholders' Health Bu-

reau, has recently issued a bulletin to

policyholders entitled "Eyesight and

Illumination," urging the importance of

good lighting as a means of avoiding

accidents and promoting health. Some

of the cuts appearing in this pamphlet

were dupUcates of those appearing in

the Society's pamphlet, "Light: Its Use

and Misuse."

The Publication of Synopsis and

Abstracts of Papers.

The Committee on Papers is endeav-

oring this year to have included in the

Transactions either the full reprint or

an abstract or a brief synopsis of every

technical presentation made before a

meeting of the Society. The need for

keeping publication costs within a re-

duced wartime appropriation, as well as

the desirability of directing the atten-

tion of members more particularly to

those phases of illumination which have

to do directly or indirectly with the

prosecution of the war, has resulted in

the decision to publish only abstracts or

synopses of certain papers which in nor-

mal times would probably have been

printed in full. Members desiring to

obtain full manuscripts of any of the

papers abstracted should write to the

Society office, or to the author for the

full manuscript, which in some cases it

will be possible to loan.

In the August, 1918, issue of the

Proceedings of the A. I. E. E. appeared

the following Annual Report of the

Lighting and Illumination Committee of

that society. It is produced here inas-

much as we believe that it will be of

interest to our membership by reason of

its relation to illuminating engineering.

Annual Report of the Lighting and
I1.EUMINAT10N Committee.

To the Board of Directors:
I beg to submit on behalf of the

Lighting and Illumination Committee
the following report for the year
1917-18.

It is with regret that the Committee
finds it necessary to report that again
this year it did not seem feasible to hold
a session of the Institute for the con-
sideration of papers on illumination.
The Committee held a meeting early in

the year and proposed the following
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subjects as suitable ones for presenta-

tion before the Institute:

(i) Intensive and Ornamental Street

Lighting, as projected for a number of

cities in the South and Southwest.

(2) A general discussion of Indus-

trial Lighting Codes.

(3) A discussion of Standardized
Methods of Lighting Cantonments,
Aviation Fields, etc., provided the re-

port of the I. E. S. Committee on this

subject v^ill be available for public

presentation.

The Chairman was authorized to make
an inquiry regarding the possibility of
securing papers on one or more of these

subjects and report the results subse-
quently to the Committee, but following
a canvass of the situation it was found
impossible to arrange such a program.
Consequently, any thought of requesting
one of the sessions of the Institute to

discuss papers on illumination had to

be abandoned. When conditions once
again become normal, it will be possible

to provide interesting programs on this

aspect of electrical engineering, but for
the time being it would seem that the
Committee can do no more than remain
intact and wait.

A brief summary of progress in elec-

tric illumination during the past year is

appended.

Progress in Blectric Illumination.

The general trend of practice for
direct lighting is very decidedly toward
units of low brightness. The extended
use of the high-powered incandescent
lamps has stimulated the appreciation
of good diffusing devices which will
give satisfactory light distribution but
by their low brightness minimize glare.
The enormous increase in commercial
activities, particularly in those lines

which are connected with supplies for
the Government, has made night work
the rule and brought a realization of
the importance of proper illumination
from the standpoint both of the main-
tenance of quality and quantity in pro-
duction and of the health and comfort
of the worker. Progress toward this

end is evidenced in the revision of in-

dustrial lighting codes in several states

and by the appointment of a National
Committee on Lighting to act as a sub-
committee of the Advisory Commission-
Council for National Defense for the
preparation of suggested regulations to
govern industrial lighting, which have
subsequently been published in the form
of a Code of Lighting by the Committee
on Labor with a suggestion that the
Code be put into effect in every state
in the country.

War conditions have also brought
about a more careful consideration of
protective lighting and the best way to
utilize it. Thus it has been found that
in many cases inexpensive reflectors of
the ordinary type may be used for light-
ing open spaces in and around a plant
leaving the special flood lighting units
for those locations requiring particular
treatment. In many cases the use of a
large number of properly shaded low-
intensity units will avoid dangerous
shadows better than high powered
sources, even though the light flux from
the latter is greater.

A sphere formerly considered impreg-
nably held by the arc lamp has been
finally invaded by the incandescent lamp.
Motion picture projection work required
light flux of extremely great intensity
and the small area and high intrinsic
briUiancy of the source of Hght in the
arc has enabled it to meet the require-
ments in a way hard to duplicate. By
using a mirror back of the filament and
for a condensing lens one of the Fresnel
type, it has been found possible to make
an incandescent lamp which will give
satisfactory results within a certain lim-
ited field of motion picture work.
The motion picture theatre has in

itself become an arena in which unique
lighting effects are being experimented
v/ith continuously. Thus in several
cases, by the use of several circuits in
each fixture, lamps of different colors
may be lighted and thereby give a color
tone to the whole illumination.
The action of the Government in

attempting to save fuel by restricting
its use for Hghting purposes has shown
in many localities the important part
played by display lighting in maintain-
ing the illumination of streets and side-
walks.

Edward P. Hyde,
Chairman.
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Purely Personal.

Dr. A. E. Kennelly, acting head of

the electrical engineering department of

the Massachusetts Institute of Tech-

nology, has been awarded by the Frank-

lin Institute its Howard N. Potts gold

medal for his invention of the hot-wire

anemometer and his application of this

device to the measurement of convection

from small heated wires. Dr. Kennelly

is Chairman of our Committee on

Nomenclature and Standards.

Dr. A. S. McAllister, past-President

of our Society, has gone to Wash-

ington, D. C, as assistant to Major

Thompson in the Progress Section of

the Control Bureau of the Ordnance

Department. Prior to going to Wash-

ington Dr. McAllister had been active

in New York in engineering society

committee work relative to war matters.

M. C. Turpin, formerly assistant to

manager, Westinghouse Department of

Publicity, has resigned to enter the Fed-

eral service as assistant to manager.

Technical Publicity Bureau, Ordnance

Department, Washington, D. C. Mr.

Turpin's work will be on the dissemina-

tion of information from the War De-

partment to manufacturers, through the

medium of the trade press. Mr. Turpin

is a graduate of Alabama Polytechnic

Institute and of Cornell University.

After several years' experience in the

construction and operation of central

station plants, he entered the Westing-

house Department of Publicity in 1909-

Dr. Morton G. Lloyd, Electrical Engi-

neer in charge of safety work in the

Bureau of Standards, Washington, D. C,

has been appointed a member of the

Electrical Committee of the National

Fire Protection Association, to repre-

sent the Bureau.

Dr. Lloyd was for many years a mem-
ber of the scientific staff of the Bureau

during the period of its early develop-

ment. From 1910 to 191 7 he was Tech-

nical Editor of the Electrical Review

and Western Electrician. In 191 7 he

returned to the Bureau and upon the

resignation of Mr. W, J. Canada was

put in charge of electrical safety engi-

neering.

Dr. Lloyd is a fellow of the American

Institute of Electrical Engineers and has

served upon its Standard Committee and

various other committees. He is Vice-

President of the Illuminating Engineer-

ing Society and a member of its Com-
mittee on Lighting Legislation. He is a

member of the Divisional Committee on

Lighting of the Advisory Commission

of the Council of National Defense, a

member of the American Association

for Labor Legislation and of numerous

scientific and technical societies.

I. E. S. WAR NOTES.

Honor Roll.

The following members have become

affiliated with the active military or

naval service of the United States. Pre-

vious numbers of the Transactions give

the names of other members who have

previously enlisted.

Leigh H. Bair

Guy S. Brandreth

S. B. Burrows

Paul C. Egan
Wm. W. Edie

Harold Goodwin, Jr.

Harry J. Gross

Milton B. Hastings

Wallace P. Hurley

J. B. Juvenal

Dugald C. Jackson

Edw. F. McNally

Josephus E. Hamilton Stevenot
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GENERAL OFFICE. Mr. A. Jackson Marshall, consulting

engineer, for one and one-half years.

Co-operation with Section Boards.

At about this time each year, the

newly elected Boards of Managers for

the several Sections meet to organize

and prepare plans for the activities of

their respective Sections during the com-

ing fiscal period.

Each Section Secretary has in his pos-

session a file containing names and ad-

dresses of the members in his Section,

correspondence files, outlines of busi-

ness procedure, bound reports of the

reports of Section meetings and minutes

of the meetings of the Board of Man-
agers of the Section.

In order to assist the Section boards

in the conduct of their work, the Guide

for Section Procedure gives in some
detail the custom and business routine

to be followed by the Section. The
General Office, however, invites from
the outgoing boards, suggestions and

criticisms to be incorporated in Guide

for Section Procedure, which they be-

lieve might be helpful to the newly

elected Section boards.

OBITUARY.

On July I, 1918, Francesco Laurent
Godinez, consulting engineer, died at his

home in Jersey City, N. J., at the age
of 38.

Mr. Godinez was an associate member
of the Society from February, 1909, to

June, 191 5. He was connected with the

H. L. Doherty Company and the Holo-
phane Glass Company of New York,
and subsequently associated himself with

Lieutenant Colonel Liebmann is Killed in

Action.

Leading his men in action with the

British somewhere in France, Lieut.

Colonel Morris N. Liebmann, second in

command of the 105th Infantry, was
killed by a rifle bullet. The date of

death was August 8th.

Colonel Liebmann was a veteran of

the New York National Guard, having
served nearly eighteen years. Gradu-
ated at the University of Nebraska, he

served throughout the Spanish-Ameri-

can war with a guard regiment from
Nebraska. His first service in the New
York State organization placed him as

a private in Company I, 23rd Regi-

ment of Brooklyn. He won advance-

ment through the various ranks and was
Regimental Adjutant with the rank of

Captain when the 23rd went to Pharr,

Texas, for the border service, in 1916.

A year ago last April he was promoted
to a Lieutenant Colonel.

A year ago this month Colonel Lieb-

mann went to Spartanburg, S. C, where
he was transferred to succeed Lieut.

Col. Hutchinson as second ranking offi-

cer of the 105th Infantry, crack organi-

zation of the 27th Division, U. S. A.

Colonel Liebmann was Vice-President

of the Foote-Pierson Company, 160

Duane Street, manufacturers of elec-

trical apparatus, and was an associate

member of the Society since 1913. His

death has been the first reported among
our members who are serving at the

front with the forces of the Allies.
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ILLUMINATION INDEX.

Prepared by the Committee on Progress.

An index of references to books, papers, editorials, news and abstracts on illuminating engi-

neering and allied subjects. This index is arranged alphabetically according to the names of

the reference publications. The references are then given in order of the date of publication.

Important references not appearing herein should be called to the attention of the Illuminating

Engineering Society, 29 W. 39th St., New York, N. Y.

Astrophysical Journal

On the Correction of Optical Sur-

faces

—

Bulletin Bureau of Standards. Vol. 14, No. 1

An "Average Eye" for Heterochro-

matic Photometry, and a Compari-

son of a FHcker and an Equality-

of-Brightness Photometer

—

Emissivity of Straight and Hehcal

Filaments of Tungsten

—

Bulletin Bureau of Standards. Vol. 14, No. 2

Relative Sensibility of the Average Eye

to Light of Different Colors and

Some Practical Applications to

Radiation Problems

—

Calculation of the Constants of

Planck's Radiation Equation: An
Extension of the Theory of Least

Squares

—

Luminous Radiation from a Black

Body and the Mechanical Equiva-

lent of Light

—

Reflecting Power of Tungsten and

Stellite—

Bulletin de la Society International des Electric

Etat Actuel de L'Industrie des Lampes

a Incandescence

—

Comptes Rendus

Sur un phenomene, d'apparence singu-

liere, relatif a la persistance

des impressions lumineuses sur la

retine

—

A. A. Michelson

DATE PAGE

I918

June 283

E. C. Crittenden and

F. K. Richtmyer April 6 87

W. W. Coblentz April 6 115

W. W. Coblentz

W. B. Emerson

H. M. Roeser

and

W. W. Coblentz and

W. B. Emerson June 17

W. W. Coblentz and

W. B. Emerson

c

June 17

A. Larnaude May

June 17 167

June 17 237

255

307

173

Louis Lumiere April 22 654
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Electrical Contractor-Dealer

Illumination

—

An Ideal Office Correctly Illuminated

—

Semi-Indirect Lighting

—

Electrical Engineering

Elements of Illuminating Engineer-

ing-

Electrical Merchandising

The Lighting of a Distinctive Store

—

Better Lighting for Industrial Plants

and Offices

—

Electrical Journal

Daylight Saving Throughout the

Year

—

Mazda Lamps for Motion Picture Pro-

j ection

—

Lighting Economy in War Time

—

Choice of Current for Mazda Street

Lamps

—

Protective Lighting for Manufacturing

Plants-

Electrical News
Daylight Saving in Canada Has Not

Had Revolutionary Effects

—

Electrical Review (U. S.)

Improved Lighting of Offices

—

Lighting of Offices and Drafting

Rooms

—

Rider Multi-filament Incandescent

Lamp

—

Lighting to Improve Load-Factor of

Industrial Plants

—

Unique Electrical and Lighting Feat-

ures of Los Angeles Terminal

Market-

Improved Industrial Lighting Offers

Timely Load

—

Better Lighting of Textile Mills-

How to Plan Lighting Installation for

a Factory

—

DATE page;

1918

H. W. Brown June 76

P. A. Stockwell June 86

H. W. Brown July 79

News Item July 37

H. R. Eldredge June 310

Ward Harrison July 16

Samuel Insull June 190

A. R. Dennington June 201

Preston S. Millar June 213

W. P. Plurley June 223

W. A. McKay June 224

News Item July 15 24

Editorial May 25 871

Ward Harrison May 25 864

News Item May 25 891

Editorial June 6

C. W. Geiger June 8 962

F. H. Bernhard June 15 984

F. H. Bernhard June 29 1070

News Item July 13 49
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Electrical Review (U. S.)— {Continued)

What About Farm-Lighting Plants?

—

Improved Lighting of Meat-Packing

Plants-

Fuel Administration's New Light-

Restricting Order Now in Effect

—

Development of Standardized Reflec-

tors

—

Standardized Steel Reflectors Devel-

oped for Industrial Lighting

—

Electrical Review (London)

Some Interesting Facts Relating to

Lamp Renewals

—

Government Lighting Restrictions and

Saving Coal

—

Electrical World

The New Westinghouse Research

Building

—

Protective Lighting for Industrial

Plants-

Effective Application of Protective

Lighting-

Methods of Protective Lighting

—

Development of Electric Searchlamps

—

Training Inspectors in Illumination

—

Factory Inspectors Study Industrial

Lighting-

Daylight Saving Closes up Noon Valley

in Load

—

Further Restrictions to be Made in

Lighting-

Development of Codes for Industrial

Lighting—

The Curtailment of Lighting—

"Lightless Nights" are Ordered

Again

—

Lightless Nights and What They

Involve

—

The Development of the Electrical

Searchlight

—

Replacing Carbon and "Gem" with

Tungsten Lamps

—

DATE PAGE

I918

Swift Miller July 13 182

F. H. Bernard July 20 87

News Item July 27 136

Editorial Aug. 3 171

News Item Aug. 3 174

By "Atlantic" June 7 532

F. W. Willcox June 14 559

C. E. Skinner and

R. W. E. Moore June i 11 32

Davis H. Tuck June i 1137

H. H. Magdsick June 15 1268

Editorial June 22 1303

L. J. Auerbacher June 22 1319

Editorial July 6 3

C. E. Clewell July 6 11

J. E. Mellett July 6 18

News Item July 6 26

G. H. Stickney July 6 z^

Editorial July 20 99

News Item July 27 176

Editorial Aug. 3 192

H. H. Thompson Aug. 3 217

News Item Aug. 3 228
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Electrician

Flickering of Electric Lamps

—

National Research

—

Electro-Culture

—

Gas Journal

Eyesight and Artificial Lights

—

The New Fuel and Lighting Ration-

ing Order

—

Gas Record

Advocates Low B. t. u. Gas

—

Battle for Lighting Business

—

General Electrical Review

Illumination

—

Fundamentals of Illumination Design

;

Part II : Illumination Design

—

Ornamental Utilitarian Street Lighting

Units—

The Central Station and Illumination

—

Fundamentals of Illumination Design

;

Part IV : Appendix of Illustrative

Problem

—

Transmission of Light Through
Water-

Illuminating Engineer (London)

The New Lighting Restrictions

—

Co-operation between the Illuminating

Engineer and the Architect

—

A Survey of Methods of Directing

and Concentrating Light

—

Lighting, Heating and Power Order
(1918)-

The Illuminating Engineering Society

of Japan

—

Light and Vision : the Physiology of

the Retina

—

Industrial Management

L'Equivalent Mecanique De La Lu-

miere (Abstract from L'Industrie

Electrique, Apr. 10, 1918)—
L'Eclairage Electrique Des Eglises

(Abstract from L'Industrie Elec-

trique, Apr. 25, 1918)

—

K. Simons

News Item

News Item

News Item

Editorial

W. D. Wilcox
R. ft". Pierce

Editorial

Ward Harrison

S. L. E. Rose and

H. E. Butler

H. E. Mahan

DATE

I918

May 17

May 24

June 14

May 14

June II

June 26

July 24

June

June

June

June

Ward Harrison Aug.

S. L. E. Rose Aug.

Editorial Mar.

Editorial Mar.

Haydn T. Harrison Mar.

News Item Mar.

News Item April

W. M. Bayliss April

PAGE

36

66

128

276

468

417

29

387

419

430

441

535

577

67

70

12

92

lOI

104

A. Boutaric

A. Boutaric

July

July
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Journal of Electricity

Lighting City Parks in Portland

—

Industrial Illumination

—

The Lighting Effects of the New Inter-

state Bridge

—

Journal Franklin Institute

Ultraviolet Transmission of Clear and

Cobalt-Blue Glasses (Note)—
Revised Formula for Luminosity Curve

Solution for Physical Photom-

etry (Note)—
Experiments on the Black Body at the

Melting Point of Platinum as a

Fixed Point in Photometry

—

Journal Physical Chemistry

Color Determination of Faint Lumin-

escence

—

Nature

The Development of Technical Re-

search

—

Propagation of Sound and Light in an

Irregular Atmosphere

—

Scientific Research and Industrial

Development

—

Physical Rericw

The Law of Symmetry of the Visibility

Function (Note)—
A Precision Method for Producing

Artificial Daylight (Note)—
Proceedings American Institute of Electrical

Engineers

Organizing America's Research Work
on a National Scale

—

Proceedings National Academy of Science

On the Correction of Optical Sur-

faces

—

Proceedings of Royal Seciety

Scattering of Light by Dust-free Air,

with Artificial Reproduction of the

Blue Sky (Preliminary Note)—
Review Generale de L'Electricite

Comite national francais de I'Eclair-

age—

F. D. Weber
F. H. Murphy

News Item

M. Luckiesh

H. E. Ives

H. E. Ives

H. B. Weiser

N. L.

Lord Rayleigh

Letter to Editor

A. F. Firth

I. G. Priest

I. G. Priest

News Item

A. A. Michelson

R. J. Strutt

News Item

DATE PAGE

1918

June I 575

June I 550

July I 26

July III

July 121

July 122

June 439

May 16 206

June 13 284

June 27 336

June

June

498

502

July 219

July 210

June I 453

May II 674
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Science

The Production of Optical Glass in the

United States

—

Observations of the Solar Eclipse

Made by the Crocker Expedition

of the Lick Observatory

—

Fireflies Flashing in Unison

—

The Glass Sands of Pennsylvania

—

Science Abstracts. Section A
Optical Constants and Radiation Laws

of Carbon (Abstract from Ann. d.

Physik, 54, p. 65, Feb. 8, 1918)—

Polar Curves of Symmetrical Lamp
(Abstract from Elektrot. u. Mas-
chinenbau, 36, pp. 77-81, Feb. 17,

1918)-

Filaments of Crystal Wire (Abstract

from Zeits. Vereines Deutsch. Ing.,

62, p. 15, Jan. 12, 1918)—
Radiation Efiiciencies of Light Sources

(Abstract from Ann. d. Physik,

54, 5, pp. 357-400, Mar. 11, 1918)—
Science Papers of the Bureau of Standards.

No. 322

Photoelectric Sensitivity of Bismuthi-

nite and Various Other Sub-

stances

—

Scientific American Supplement

The Pyranometer

—

The Electroculture of Crops

—

Science Monthly

The Mechanism of Light Emission

—

Research and the Industries

—

Transactions Illuminating Engineering Society

Committee on Automobile Headlight-

ing Specifications

—

Report of the 1916-17 Committee on

Automobile Headlamps

—

The Foot-Candle Meter—

DATE PAGE

I918

News Item June 28 632

W. W. Campbell July 12 34

Edw. S. Morse July 26 92

Chas. R. Fettke July 26 98

H. Senftleben and

(Miss) E. Benedict May 31

J. Ondracek

O. Ely

F. Conrad

May 31 206

May 31 206

June 29 263

W. W. Coblentz June 14

C. C. Abbot and

L. B. Aldrich June 8 364

Ingvar Jorgensen and

Walter Stiles June 8 366

Prof. E. P. Lewis Aug. 97
P. G. Nutting Aug. 149

News Item

C. F. Sackwitz

July 20 56

July 20

July 20

259

292
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COUNCIL NOTES.

ITEMS OF INTEREST TAKEN FS-OM
THE COUNCIL EXECUTIVE COM-
MITTEE MEETINGS OF AUGUST
14 AND SEPTEMBER 12, 1918.

New Members.

Upon recommendation of the Board

of Examiners, the following applicant

was elected to membership on August

14, 1918:

One Associate Member.

T. A. Hunter
Lighting Specialist—Sales,

Southeast General Electric Co.,

R506 Interurban Bldg.,

Dallas, Tex.

At the meeting of the Council Execu-

tive Committee on September 12th, the

following applicants were elected to

membership upon recommendation of

the Board of Examxiners :

Two Members.

Joseph J. McLaughein
Illuminating Engineer,

Westinghouse Lamp Co.,

Bloomfield, N. J.

WiEEIAM T. RasCH
Assistant and Acting Engineer of

UtiHzation,

Consolidated Gas Co.,

128 E. 15th St.,

New York, N. Y.

Two Associate Members.

Charees Seymour
P. O. Box 51 14,

Johannesburg, Transvaal,

South Africa.

Albert Henry Youthed
Electrical and Mechanical Engineer,

281 St. Andries St.,

Pretoria, Transvaal,

South Africa.

Popular Lecture on "Protective

Lighting."

The popular lecture on "Protective

Lighting" approved by the Committee on
Papers, received final approval for pres-

entation by the Council Executive Com-
mittee on September 12th.

It is the third of a series of popular

lectures prepared under the auspices of

the Committee on Popular Lectures of

the Illuminating Engineering Society

and on page 384 of this issue a synopsis

of the lecture will be found. The treat-

m.ent of the subject is popular through-

out.

The lecture is illustrated by thirty-

four lantern slides and can be presented

m an hour's time.

It may be reserved for presentation,

upon application to the General Offices

of the Society.
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Discontinuance of Exchange Copies of

the Transactions.

In view of .impending governmental

orders requiring that the distribution of

exchange copies of pubHcations be dis-

continued as much as possible, a tem-

porary committee was appointed on

August 14th, to consider ways and

means of complying with this request.

At the meeting of the Council Executive

Committee held on September 12th the

committee reported that it was their

opinion that the number of copies

printed for each issue could and should

be curtailed in view of the government's

request that exchange copies be elimi-

nated. At the same time, the number

usually held in stock to fill back num-

bers will be reduced. The Society will

be glad to furnish back numbers from

the present stock, but as a war measure

cannot order or carry in stock any

quantity, anticipating future orders.

SECTION ACTIVITIES.

NEW YORK.

Meeting of Board of Managers.

The 1918-1919 Board of Managers

have had thus far two well attended

and enthusiastic meetings.

At the meetings in July and Septem-

ber various committees were appointed,

among them, Attendance-Publicity, Din-

ner and Reception, Papers, Exhibition,

Membership, and the Board of Exam-
iners.

The regular monthly meetings of the

New York Section are to be held on

the second Thursday of each month at

8.00 p. m. in the Engineering Societies

Building.

The New York Section Board of

Managers will meet regularly on the last

Thursday of each month at 4.00 p. m.

The October meeting of the New York

Section has been abandoned. Inasmuch

as the 1918 Convention is to be held in

New York during that month, it was
decided that the New York Section lend

its activity and co-operation toward

making the Twelfth Annual Convention

of the Society a successful one.

News has reached the General Office

that a number of committees have

already been appointed and that activi-

ties have commenced. No doubt is felt

that the high standards of work accom-

plished heretofore by the New York

Section Committees will be maintained

during the coming season. Below is

printed a list of the committees ap-

pointed thus far

:

Exhibition Committee:

A. R. Dennington, Chairman

E. H. Peck

Membership Committee:

O. H. Caldwell, Chairman

Norman Macbeth

C. B. Le Page

A. T. Baldwin

E. B. Stott

W. J. Clark

G. E. Diggles

R. B. Burton

\Valter Neumuller

Papers Committee:

L. J. Lewinson, Chairman

W. T. Dempsey
M. W. Hanks

G. E. Hulse

A. R. Dennington

W. T. Rasch

W. H. Rolinson

G. W. Magalhaes

Attendance and Publicity Committee:

R. B. Ely, Chairman

E. H. Hobbie

W. E. Brewster

E. H. Graves
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Dinner and Reception Committee:

W. J. Clark, Chairman

Z. N. Hyer
R. H. Maiirer

Clarence L. Law

J. P. Radcliffe, Jr.

S. W. Van Rensselaer

NEWS ITEMS.

Honor Roll.

The following members have become

affiliated with the active military or

naval service of the United States or its

Allies. Earlier numbers of the Trans-

actions give the names of other mem-
bers who have previously notified the

General Office of their enlistment.

R. W. Ashley

Peter Junkersfeld

Alten S. Miller

Alfred W. Heitman

L. C. Rowland
George B. Nichols

W. J. Huddle
H. Syril Dusenbury

At the meeting of the National Asso-

ciation of Stationery Engineers held in

Cincinnati, Ohio, September 10, 1918,

President G. H. Stickney delivered a

short talk on the lighting of offices and
stores.

New York State Industrial Lighting

Code.

The New York Industrial Commission
under the jurisdiction of the Department

of Labor has just published the Rule

relating to the lighting of factories and

mercantile establishments in New York
State. This Rule became effective July

I, 1918.

The Rule consists of six sections

which follow closely the sub-divisions

of the I. E. S. factory lighting code, the

chief differences being as follows : The
New York State Code specifies a mini-

mum of I.GO foot-candle (instead of

1.25 foot-candles) for rough manufac-
turing operations and includes an addi-

tional classification of 0.50 foot-candle

between the values of 0.25 foot-candle

and 1.25 foot-candles given in the I. E. S.

Code. The New York State Code re-

quires all lamps located less than 20 feet

above the floor level to be suitably

shaded, except where such lamps are

used for a temporary decorative pur-

pose. For emergency lighting the New
York State Code specifies a minimum
of 0.25 foot-candle.

In an Appendix to the Code, the prin-

ciples of good lighting, both natural and

artificial, are briefly discussed and it is

pointed out that the intensity values

specified in the Rule give the lowest

illumination with which the employee

can be propery safeguarded against

both accident and eye-strain, and that

it is to the advantage of the employer

to provide the higher values which are

listed in an accompanying table of

"Desirable Illumination," as such pro-

vision results in reduced eye-strain,

greater accuracy of workmanship, in-

creased production and less spoilage.

The Appendix also contains a table

of minimum intensities proposed for

several hundred industrial operations

and processes. It is stated that this

classification is tentative and is sub-

mitted for the guidance of factory

owners and managers, and that it is the

intention of the Industrial Commission

to make the intensity requirements of

this table mandatory on July i, 1919, if

after public hearings and a year's ex-

perience the same are found to be ade-

quate and just.

In the preparation of this Code the

New York State Industrial Commission
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received the co-operation of the I. E. S.

Committee on Lighting Legislation.

Copies of the Code (Bulletin No. 18)

may be obtained by addressing the

Bureau of Industrial Code, 230 Fifth

Ave., New York City.

Wartime Lighting Economies.

Included in the program of the annual

convention held on October loth is

the presentation of "Wartime Lighting

Economies," a treatise which has been

prepared by our Committee on War
Service and submitted to the United

States Fuel Administration to serve as

the basis of the Fuel Administration's

propaganda for economy in lighting on

the part of the public at large. It is

hoped that the discussion of this non-

technical, popular treatise will elicit

additional ideas which will be of utility

to the Fuel Administration. The treatise

with its discussion on the floor of the

convention will strike a timely note ex-

pressive of the desire of our member-

ship to be helpful in the national

emergency.

A limited number of advance copies

are at the General Office and can be

obtained upon application to the Society

headquarters, 29 W. 39th St., New York,

N. Y.

Scientific Industrial Illumination.

In a booklet entitled "Scientific Indus-

trial Illumination" recently published by

the Holophane Glass Company, illustra-

tions are reproduced from the I. E. S.

pamphlet, "Light : Its Use and Misuse."

Particular attention is called to ade-

quate illumination. "Scientific Indus-

trial Illumination" recommends that cor-

rect illumination intensity be used for

various classes of work and refers to

the illumination intensities advocated by

the Illuminating Engineering Society

and adopted as laws by the states of

New Jersey, Pennsylvania and Wiscon-
sin.

The question of glare, spoilage and

accidents resulting from poor illumina-

tion are also covered in this booklet.

Purely Personal.

Word has reached the General Office

that Arthur J. Rowi^and, former Dean
of The Drexel Institute, Philadelphia,

Pa., is affiliated with the Federal Board

for Vocational Education in Washing-

ton, D. C, in the division for rehabilita-

tion of disabled soldiers and sailors.

Here, as Mr. Rowland expresses it, he

"believes he can do a good work and be

of ical service." Mr. Rowland's present

address is in care of the Federal Board

for Vocational Education, N. W. Cor.

6th and G Sts., Washington, D. C.

Frederic A. DeLay, Secretary of the

Chicago Section for 1917-1918, formerly

Head Instructor of the Chicago Central

Station Institute, has recently moved to

Milwaukee where he has accepted a

position as Superintendent of Electrical

Departments of the Mechanical Appli-

ance Company, manufacturers of Wat-

son D. C. and A. C. Motors.

Membership in Foreign Countries.

Of late a number of applications for

membership have been received from

very distant countries. It is pleasing to

note that the Illuminating Engineering

Society is represented by members in

South Africa, South China, Netherlands,

China and Japan. The gospel of good

illumination as advocated by the Illumi-

nating Engineering Society no doubt

has penetrated these distant lands.

It is extremely noteworthy that not-

withstanding the World War raging on

the soil of France those of our members
living in France and England have

found it of sufficient importance, even

I
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in these times of sacrifice, to retain their

membership in the Ilkiminating Engi-

neering Society.

The I. E. S. in War Service.

Thus far statistics at the General

Office indicate that of the total indi-

vidual membership of the Illuminating

Engineering Society 7 per cent, are in

war service. In addition to these, there

are many others who have offered their

services and are with various depart-

ments at Washington. The Chicago

Section has given nineteen of its local

members, the New England Section

four, the New York Section twenty-

eight, the Philadelphia Section twenty-

one, Pittsburgh Section eight, and ten

of our members not affiliated with any

section are also in war service. A good
number of these have seen active war-

fare since the early days of America's
entry into the World War.

In accordance with a ruling of the

Council those of our members in war
service who desire it, are carried free
on the rolls of the Society during their

period of affiliation with the forces of
the Allies. The Transactions are sus-

pended in this interim.

The General Office has thus far been
apprised of the fact that two of our
members, Ueut. Colonel M. N. Lieb-
mann and Flying Cadet J. F. Dick, both
of the New York Section, have made
the supreme sacrifice.

The Society aims to assist its war
service members in every way possible,

no matter whether they are in domestic
or foreign service and would appreciate

receiving from them personal items of
their work or experience which would
be of interest to the membership.
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ILLUMINATION INDEX.

Prepared by the Committee on Progress.

An index of references to books, papers, editorials, news and abstracts on illuminating engi-

neering and allied subjects. This index is arranged alphabetically according to the names of

the reference publications. The references are then given in order of the date of publication.

Important references not appearing herein should be called to the attention of the Illuminating

Engineering Society, 29 W. 39th St., New York, N. Y.

American Gas Association Abstracts

Non-Actinic Light for Pliotographic

Use (Abstracted from Sci. Amer.,

May 4, 1918, p. 414)—
American Gas Engineering Journal

Phenomenon of Breathing Important

in Gas Industry Because Breathing

Involves Process Whose Net Re-

sults are Exactly those of Con-

sumption by Oxidation by Any
Fuel

—

Effect of Daylight Saving Act-

Central Station

The Lighting of Offices and Drafting

Rooms

—

Comptes Rendus

£clat intrinseque du ciel etoile

—

Electrical Contractor-Dealer

Engineering Features Essential to Suc-

cess of Farm Lighting Business

—

Electrical News
Merely a Typical Case (Benefit from

improved lighting)—
Electric Railway Journal

Indicating Tail Lights Prevent Acci-

dents and Save Power

—

Electrical Record

Construction and Uses of Marine Elec-

trical Fittings

—

Electrical Review (U. S.)

Improved Lighting of Automobile

Manufacturing Plants

—

How Lighting Interests Can Best

Serve the Nation

—

News Item

DATE PAGE

1918

Sept. I

E. Karrer Aug. 17 148

News Item Aug. 24 186

Ward Harrison Aug. 54

H. Bourget June 10 943

E. J. Edwards Aug. 22

News Item Sept. I 23

News Item Aug. 3 203

News Item Sept. 61

F. H. Bernhard Aug. 10 205

F. H. Bernhard Sept. 7 355
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Electrical Review (U. S.)— {Continued)

Lighting Opportunities and Responsi-

bilities

—

Some Important Phases of Industrial

Lighting-

Inefficient Electric Lamps to be Elim-

inated

—

Electrical Times

Electric Light in Small Houses

—

Electricity in Agriculture

—

Electrical World

New Industrial Lighting Code for

Wisconsin

—

The New Wisconsin Lighting Code— Editorial

Keep Daylight Saving, say Indiana

Companies

—

Lamp Policy of the Fuel Administra-

tion

—

Electrician

Crystalline Wire and Its Application

to the Incandescent Lamp

—

Gas Journal

Household Fuel and Lighting Order,

1918, Application to Scotland

—

The New Fuel Order—Letter to Edi-

tor—

The New Fuel and Lighting Order

—

Lighting of London—Experimental

Scheme-

General Electric Review

Automobile Headlights and Glare-

reducing Devices

—

Simple Methods for Solving Flood-

lighting Problems

—

Illuminating Engineer (London)

The New Household Fuel and Light-

ing Order (1918)—
Recommendations on Economy in

Lighting (Issued by the IHum.

Engr. Soc. with the concurrence

of the Board of Trade)—

Editorial

DATE

I918

Sept.

1

7

page;

369

W. T. Blackwell Sept. 7 360

Sept. 7 371

News Item

News Item

July

July

II

II

Z2

49

J. A. Hoeveler

Editorial

Aug.

Sept.

31

7

391

435

News Item Sep,t. 7 454

News Item Sept. 7 457

F. Schroter Aug. 16 32,7

News Item July 2 16

D. H. Helps

Editorial

July

July

9

9 56

News Item Aug. 6 260

L. C. Porter Sept. 627

H. E. Butler Sept. 633

Sir Guy Calthrop May

May

139

131
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Industrial Management

Les Nouvelles Lampes Electriques

(Abstract from La Nature, May
4, 1918)—

Journal of Optical Society of America

The Effect of Size of Stimulus on the

Contrast Sensibility of the Retina

—

A Mathematical Study of a Headlight

Beam

—

Note on the Location of the Spectrum

Formed by a Plane Transmission

Grating

—

Municipal Journal

Saving Due to Lightless Nights, Wash-
ington, D. C.

—

National Electric Light Association Bulletin

Governmental Restrictions on Light-

ing-

Lighting Restrictions and Fuel Supply

—

Philosophical Magazine & Journal of Science

Scientific Signalling and Safety at

Sea

—

Physical Review

Production and Measurements of High

Vacua

—

Temperature Uniformity in an Electric

Furnace

—

Atomic Heats of Tungsten and of

Carbon at Incandescent Tempera-

tures

—

Psychological Review

The Heterochromatic Differential

Threshold for Brightness : I Ex-

perimental

—

The Rate of Pupillary Dilation and

Contraction

—

Physics Society London (Proc.)

On Tracing Rays Through an Optical

Svstem

—

A. Soulier

DATE

I918

Aug.

PAGE

168

P. Reeves Sept.

I9I7

-Nov. 148

0. E. Conklin Sept.-Nov. 155

H. E. Ives Sept.-Nov.

1918

172

News Item Aug. 24 154

News Item July 436

Editorial July 415

J. Toly July

J. E. Shrader and

R. G. Sherwood July

J. B. Ferguson July

A. G. Worthing Sept.

L. T. Troland July

Prentice Reeves July

70

79

199

305

330

T. Smith June 15 221
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Popular Mechanics

Microscope Efficiency Improved by

New Lamp

—

News Item

Proceedings American Institute of Electrical

Engineers

Annual Report of the Lighting and

Illumination Committee

—

Revue Generale de L'Electricite

Corps a resistivite variable sous Taction

de la lumiere

—

News Item

Projet d'unification des filetages des

culots de lampes et supports de

lampes a vis Edison

—

Ch. Zetter

Les sources de lumiere artificielle en

photographite. Compte rendu de

reunion de 19 mai 1917 de la

Deutsche Beleuchtungstechnische

Gesellschaft (Abstract from T. Z.,

Oct. 18, 1917, p. 506)

—

News Item

De quelques matieres premieres neces-

saires a I'industrie electrique : le

tungstene

—

D. Pector

Le probleme de la couleur des signaux

de chemins de fer (Abstracted

from Locomotive Mag,, 15 Fevrier,

1918, p. 33)—
Projet d'unification des filetages des

culots de lampes et supports de

lampes a vis Edison

—

De quelques matieres premieres neces-

saires a I'industrie electrique le

tungstene

—

L'eclairage des salles de travail et de

reunion (Abstracted from Schwiz-

erische Bauzeitung, 2 Fevrier, 1918,

p. 56)— O. Weber

Science

The Newer Demands on Physics and

Physics Teachers due to the War-

Scientific Activity and the War

—

Scientific American

Airplane Flare for Night Bombing

—

News Item

Sept. 337

E. P. Hyde
Chairman Sec. 2 Aug. 942

June 22 889

July 6

July 13

July 20

News Item July 20

Ch. Zetter July 2^

D. Pector July 2^

Prof. E. H. Johnson Aug. 2

G. A. Millar Aug. 2

12D

87

20D

105

121

July 2^ 30D

lOI

117

Sept. 7 185
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Scientific American Supplement

DATE PAGE

1918

Neon Lamps

—

News Item Aug. 10 85

A Theor}- of Color Vision

—

R. A. Houston Aug. 10 92

Natural Gas Used for Lighting at

Pisa— News Item Aug. 10 96

^Military Searchlights

—

Maj. H. C. Judson Sept. 7 148

Transactions Illuminating Engineering Society

On Preferred Proportion in Combin-

ing General and Localized Light-

ing—

An Integrating Hemisphere

—

Protective Lighting

—

F. C. Caldwell and

\y. U. Holmes Aug. 30 303

F. A. Benford, Jr. Aug. 30 323

News Item Part I Aug. 30 67
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COUNCIL NOTES OF
INTEREST.

COUNCIL MEETING OF
OCTOBER 9, 1918.

The annual joint meeting of the old

and new Councils was held on Wednes-
day, October 9th.

President Stickney conducted the first

part of the meeting, winding up the

affairs of the 1917-1918 administration.

Reports and statements from Sections

and Committees were presented ; the

General Secretary's report was read ; a

summary of the finances of the Society

was presented and with the passing of

these. President Stickney introduced his

successor, George A. Hoadley as Presi-

dent.

After a short introductory address in

which President Hoadley earnestly re-

quested the co-operation of the members
of the Council to help make his admin-

istration as successful as the one just

passing, the first meeting of the 1918-

1919 Council was called to order ; inter-

rupted only by the sincere congratula-

tions extended to retiring President

Stickney for the many splendid accom-

plishments achieved by his committee

and aides during his term of office.

Time and Place of the Conncil

Meetings for 1918-1919.

The Council will meet regularly dur-
ing the fiscal year 1918-1919 at the Gen-
eral Office, on the second Thursday o£
each month at 2.00 p. m. During the

months of July, August and September,

however, there are no regular Council

meetings scheduled, inasmuch as the

Council Executive Committee meets to

transact aft'airs of the Society during
these three months.

Reports of Committees to the Council

for 1917-1918.

Following the usual custom, reports

were read of the activities of the vari-

ous committees for the 1917-18 admin-

istration.

A vote of thanks was extended to the

retiring chairmen of committees and

sections for their co-operation and

earnest devotion.

Copies of the reports submitted will

be printed in the Transactions in the

near future.

New Members.

Upon recommendation of the Board
of Examiners the following applicants

were elected to membership

:

One Member.

John A. Oil\nge

Research Chemist,

General Electric Co.,

Schenectady, X. Y.
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Four Associate Members.

John Q. Adams
Architect and State Building In-

spector,

Ohio State Industrial Commission,

204 Majestic Theatre Bldg.,

Cohimbus, Ohio.

H. W. Hahn
31 W. 46th St.,

New York, N. Y.

Ei,UOT Reid

Assistant to General Manager,

Westinghouse Lamp Co.,

165 Broadway,

New York, N. Y.

R. E. Whitcomb
1 581 Broadway,

New York, N. Y.

N. A. Thomas
E. C. Uhug
W. H. Wohnus

Other Changes in Membership.

The death of J. J. Knight, of Kala-

mazoo, Mich., was reported to the

Council.
^

Three members and thirteen associate

members have requested to be resigned,

and their names were presented to the

Council

:

Members.

(Subject to Informal Reinstatement

upon payment of back dues.)

F. Carpenter

Cari, Hering

A. B. Macbeth

Associate Members.

(Subject to Informal Reinstatement

upon payment of back dues.)

T. G. Aeean
N. H. Boynton

W. L. BUZBY

H. L. Daleahan
C. W. French

W. G. Housekeeper

C. A. Learned

R. L. Leoyd

Sinceair Mainland
A. P. Littee

Annual Report of the General Secretary

for 1917-1918.

As is the usual custom the annual

report of the General Secretary was

read.

It embodies abstract of the achieve-

ments of the various committees of the

Society during the year, summary of the

finances of the Society, and chiefly

among other things the assistance ren-

dered by the Committee on War Service

to the various Governmental depart-

ments.

Engraved Honor Boll.

A hand engraved Honor Roll of the

members of the Society in War Service

will very soon decorate a wall of the

Council Room. President Hoadley

authorized the following committee to

make arrangements for the preparation

of an honor roll and appointed H. A.

Hornor, chairman of the committee.

Those associated with him are Messrs.

Johnson, Hoyt, Stephens, Law and

Hertz.

Fourth Liberty Loan.

As a result of the decision of the

Council $500 was invested in the pur-

chase of a Liberty Bond of the Fourth

Loan. This purchase was made by the

Treasurer through the Electrical Indus-

tries Committee, New York City.

Appointments.

On page ni of this issue will be found

the committees appointed by President

Hoadley at this meeting.

As President Hoadley expresses it,

"he hopes to be able to get all his com-

mittees appointed and working in a very

short time."



TRANSACTIONS I. E- S.—PART I. VOI.. XIII, NO. 8, NOV. 20, I918 91

Council Executive Committee Meeting.

A meeting was called on October 24th,

at which time the following resolution

was prepared on the death of Robert

ffrench Pierce, a Director of the Society.

Resolved, That the Executive Com-
mittee of the Society having just learned

with deep regret of the death of our
friend and associate, R. ffrench Pierce,

desires to place on record our apprecia-

tion of the ability and devotion which
he has always shown and served in the

interest of the Society. During the

period of his connections with the

Society he served as an active member
on various committees and was a Direc-

tor of the Society at the time of his

death. We deeply deplore the loss and
offer our profound sympathy and sin-

cere condolence to his famil}^ He
gained the admiration and esteem of all

who were associated with him, and his

memory will remain dear to us all

;

Resolved, That this tribute be placed

on the minutes of the Society, and that

the General Secretary be instructed to

convey it to his family.

The General Secretary forwarded a

copy of the resolution to the family of

the deceased, and the resolution was

ordered incorporated in the minutes of

the Society.

Representation of the I. E. S. on the

Advisory Committee, Engineering

Division of the National Research

Council.

It is pleasing to note that the National

Research Council extended an invitation

to the Society to be represented on the

Advisory Committee, Engineering Divi-

sion of the National Research Council

of the General Staff, United States

Army. The invitation was read at the

meeting and President Hoadley re-

quested Edw. P. Hyde to serve as the

representative of the I. E. S. Dr. Hjde
has accepted the appointment.

1918 Convention.

The 1918 Convention was held in the

Engineering Societies' Building, New
York City, Thursday, October loth.

Though confined to one day, it was
no less important or significant than its

predecessors, and held the sustained

attention of all.

It was, in every sense, a working Con-
vention for the War, and every minute

was devoted to matters of especial im-

portance under war conditions. Re-

quirements of secrecy prevented the dis-

cussion of the most vital applications of

lighting in warfare. Attention was
rather directed to those problems where
publicity was desirable as a means of

securing wide co-operation in carrying

out economies and improvements in

lighting practice.

The usual addresses of welcome and

other formalities were dispensed with.

The morning session was devoted to

important reports of committees and the

address of the President. The report of

Council given by the General Secretary

indicated the satisfactory condition of

the Society, financially and otherwise,

and also indicated the extent to which

efforts had been directed toward meet-

ing the country's need.

In connection with the report of the

Committee on Automobile Headlighting

Specifications, the Hon. Francis M.
Hugo, Secretary of State, for the State

of New York, addressed the Convention

with regard to the regulations recently

adopted in that commonwealth.

Dr. E. P. Plyde, President of the

U. S. National Committee on Illumina-

tion, made a statement regarding the

war status of that committee and the

International Commission.

Mr. L. B. Marks in addition to report-

ing for the Committee on Lighting Leg-

islation, spoke for the Divisional Light-

ing Committee (Council of National

Defense) in regard to the Industrial

Lighting Codes.
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Captain Scott, Secretary of the War
Committee of Technical Societies, spoke

of the work of the committee and the

methods of handhng inventions to insure

prompt application of important discov-

eries. The session was closed by a short

but inspiring Liberty Loan talk by T. C.

Martin.

In the afternoon. Wartime Lighting

Economies, a report made by the Com-
mittee on War Service to the Fuel

Administration, brought out the neces-

sity for economy and suggested many
important methods of eliminating light-

ing wastes.

Four papers developed the importance

j>f maintaining good practice in indus-

trial and protective lighting and con-

tributed valuable suggestions to that

end.

The large amount of material coming

before the Convention restricted the dis-

cussion somewhat, especially in the

morning session, but this unavoidable

condition will be rectified, as announced

by the Chairman, through an attempt to

secure full discussion in the Transac-

tions.

The War Dinner in the evening at the

McAlpin, presided over by D. McFarlan

Moore, was well attended. As expressed

by the retiring President, it was not

arranged as an entertainment, but rather

to enlist the hearts of the membership

in the National Service, as the day ses-

sions had enlisted their intelligence.

After a few words by Past-President

Stickney and the incoming President

Dr. Hoadley, Mr. O. Monnett, repre-

senting the Fuel Administration, and

Dr. R. A. Millikan of the National Re-

search Council, gave most excellent

addresses bearing messages from their

respective organizations.

Mr. W. L. Parker kindly favored the

guests with several excellent and timely

solos, for which Mrs. Parker played the

accompaniment.

The dinner and Convention was closed

with the presentation of U. S. Govern-

ment films for the instruction of sol-

diers. These were made available

through the courtesy of the General

Staff of the War Department.

It was generally agreed that the Con-

vention was not only a most successful

affair, but one of great value to the

country and to the lighting art. The
proceedings, as reported in the Trans-
actions, will be of considerable interest

to the membership and to all others

interested in lighting, especially with

regard to wartime problems.

SECTION ACTIVITIES.

NEW YORK.
At the meeting of the Board of Man-

agers, held on Thursday, October 31st,

R. E. Harrington was appointed Secre-

tary of the New York Section to suc-

ceed L. C. Porter, resigned. Mr, Porter

has enlisted in the United States Navy,

and while his resignation was received

with regret the character of his new
work and his service to the Government
has ameliorated this feeling.

The first meeting of the Section is

scheduled for November 14th at which

time the 1917-1918 Report of the Com-
mittee on Automobile Headlighting

Specifications will be presented for dis-

cussion. Details concerning this meet-

ing will be printed in the forthcoming

issue of the Transactions.

PHILADELPHIA.
At the time of this issue going to

press, word has reached the General

Office that Ward Harrison will present

a paper at the first meeting of the Sec-

tion on November 15th, on "Accessories
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for Industrial and Protective Lighting."

On account of the epidemic of influenza

public meetings were prohibited in

Philadelphia at the time that this Sec-

tion was to meet in October, and for

this reason the first meeting will be held

on November 15th.

NEW ENGLAND.
On October i8th, the Board of Man-

agers of the New England Section held

their meeting in Boston, Mass.

Plans have been formulated to hold

the first Section meeting on Friday,

November 15th, at which time A. L.

Powell will speak on the subject "Cotton

Mill Lighting." The subject and the

speaker bid well to a large attendance

and an enjoyable evening.

The Chairman of the Membership

Committee of the New England Section

for 1918-19 will be R. A. Fancy. H. F.

Wallace has been appointed Chairman
of the Papers Committee and F. A.

Gallagher, Jr., Chairman of the Pub-
licity Committee.

Keen interest is manifested in the new
management of the New England Sec-

tion and indications point to a success-

ful season.

CHICAGO.
Owing to Chicago ordinance prohibit-

ing public meetings of any kind during
the epidemic of influenza, the meeting

scheduled for October 28th was can-

celled. Professor C. E. Clewell was to

have addressed the Chicago Section on
the subject "Industrial Lighting as a

War Problem."

NEWS ITEMS.

Looking through the Rotogravuere
Section of a Sunday edition of the New
York Times, we discovered a photo-

graph of our Past President, Van Rens-

selaer Lansingh. Negotiations were
made with the New York Times and
we reprint here, through their courtesy,

the photograph taken in Paris of Mr.
Lansingh and his associates who were
instrumental in the founding of the

Technology Club of Paris.

We learned that Van Rensselaer

Lansingh was a member of the Engi-
neering Committee of the Council of

National Defense in Washington, D. C,
during the Spring of 191 7. He was
asked by the authorities of the Massa-
chusetts Institute of Technology to go
to Paris to look after the interests of

Technology men in service abroad.

Before sailing, however, a meeting was
held with representatives from Yale,

Harvard, Princeton and Columbia Uni-
versities looking to joint action for all

American colleges and universities.

Prof. Nettleton of Yale who was the

prime mover in this undertaking pro-

ceeded to organize the colleges in this

country, while Mr. Lansingh sailed for

Europe in June to study the conditions

there. While waiting for the situation

to crystallize in America, he started

the Technology Club of Paris, which
for the next three months became
the center of activities for American
college men. This was later merged
with the American University Union in

Europe, which was duly formed in

America with about thirty leading col-

leges. Since then the Union operates

a large hotel in Paris for the benefit of

all American college men and also has

headquarters in both London and Rome.
Its work consists of two different activ-

ities : First, in looking after the welfare

of college men abroad; and second, in

cementing closer relationship between
the American, French, English and
Italian Universities. The work in the
latter respect has been fully as success-

ful as the former.
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Mr. Lansingh served as Assistant

Director and Business Manager of the

Union from the time of its organization

until his return to America in July,

1918.

Through the Society's representatives

upon Engineering Council's War Com-
mittee of Technical Societies, the fol-

lowing brief abstracts of problems on

which assistance is desired by the Inven-

tions Section of the General Staff are

placed before the membership. Mem-
bers who deem it likely that they might

offer some suggestion which will be of

use in this connection are invited to

apply to the General Office for a more

detailed statement of any one or more

of these problems which the War Com-
mittee of Technical Societies has pre-

pared.

The Foli^owing is a List oi? the
PROBI.EMS

:

Problem i : Liaison Problem, of find-

ing a new means of communication
whereby closer liaison may be ob-

tained between the different ele-

ments of front line and rear troops.

Problem 2: An Aviation Problem, an
arrangement for mounting a com-
pass on an aeroplane to be away
from magnetic influence of engine

and still easily read by operator.

This is required for night flying

work.

Problem 3 : A Better Fire Control Gear
for Fixed Machine Guns on Aero-
planes.

Problem 4: Specifications for New
Rear Sight Desired for the United
States Rifle, Calibre 30, Model^ of
igiy. With the present rear sight

the rifleman cannot readily bring

the point of impact of the shots to

coincide with the point of aim.

Problem 5 : Pyrotechnic Smoke Sig-

nals. A suitable chemical substi-

tute for Red Saxony Arsenic now
used in the manufacture of yellow
smoke signals. A suitable formula

for a red smoke signal is also de-
sired.

Problem 6: Hand Grenade. An im-
proved hand grenade is wanted.
The specifications for rifle grenade
and ideal impact grenade will be
furnished on request.

Problem 7 : Improvement in Cable
Braces for Aeroplanes. The method
of attaching ends of cables by bend-
ing the end over a protecting liner

and wrapping the overlapping end
with brass wire which is afterwards
soldered, is unsatisfactory, wasteful
and .expensive. A very simple
method of anchoring cable ends
would greatly speed up the produc-
tion of aircraft.

A letter from C. L. Mclntyre, Ensign,

U. S. N. R. F., Assistant Mobilization

Inspector, Eastern Division, was re-

ceived at the General Office and is

printed herewith. Ensign Mclntyre also

requested that wide publicity be given

to his letter, and urges men who feel

qualified to make application immedi-

ately.

Herewith is a cop}'^ of the letter

received

:

The urgent need of the Navy for men
to be trained as Engineering Officers

has prompted me to write you and your
members to ascertain if any are inter-

ested in joining this branch of the

Service.

The knowledge necessary to qualify

for the course given at the U. S. Navy
Steam Engineering School is that a man
be either a graduate or one who has
pursued a Mechanical, Electrical or Civil

Engineering Course in some recognized
University. Men who have had a prac-

tical experience equivalent to the above
courses have made excellent material

also.

The work of the School has been em-
bodied in a course of training covering
five months, viz.

:

One month training at the Naval
Training Camp, Pelham, N. Y.

One month of technical work at the

U. S. Navy Steam Engineering
School, Hoboken, N. J.



i^

<i^
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Two months practical training on
board ships and in shops in the

vicinity of New York.
One month finishing course of instruc-

tion at U. S. Navy Steam Engi-
neering School, Hoboken, N. J.

If men are found eligible by the Navy
Mobilization Inspector, the^^ will be in-

dividually inducted through their local

boards as Apprentice Seaman and upon
qualifying for the School will be rated

Chief Machinist Mate with pay of $83.00
and, in addition subsistence and lodg-

ing. If they finish the course success-

fully they will be given the rank of

Ensign.
Applications should be sent to me at

the address given below.

Very truly yours,

C. L. McIntyre,
Ensign, U. S. N. R. F.,

Assistant Mobilization Inspector,

Eastern Division,

225 W. 42nd St.,

New York, N. Y.

Under the auspices of the Divisional

Committee on Lighting, Dr. Louis Bell,

acting for J. W. Cowles, representative

of the State of Massachusetts, arranged

through the courtesy of the Edison Elec-

tric Illuminating Company of Boston,

for a meeting of factory inspectors of

the State of Massachusetts. The meet-

ing was held on Thursday, October 31st.

This session was for the special guid-

ance of the factory inspectors of the

Board of Labor and Industries in im-

proving the conditions of industrial

lighting throughout the State. It con-

sisted of a series of somewhat informal

talks by various specialists in Hghting,

together with laboratory demonstrations

of practical lighting, its technique and
measurement. The program was as

follows

:

I. The General Principles of Artificial

Lighting. By Dr. Louis Bell,

Consulting Engineer of the Edi-
son Electric Illuminating Com-
pany, Past President of the Illu-

minating Engineering Society.

2. The Hygienic Aspect of Lighting.
By Dr. F. H. Verhoeff, Patholo-
gist and Ophthalmic Surgeon,
Massachusetts Eye and Ear In-
firmary; Asst. Prof, of Ophthal-
mic Research, Harvard Univer-
sity.

3. How Illumination is Measured. By
S. L. Keyes, Photometrist of Edi-
son Electric Illuminating Com-
pany.

Recess.

4. Demonstrations of Lighting Inten-
sities with Relation to Work.

5. The Lighting of Textile Mills. By
Prof. William L. Puffer, Consult-
ing Engineer.

6. Machine Shop Lighting. By Mr.
S. C. Rogers, General Electric
Company.

7. General Industrial Lighting. By
Mr. H. W. Jordan, Illuminating
Engineer of the Edison Electric
Illuminating Company.

It is believed that this instructional

session will prove of real service in

indicating to the inspectors the direc-

tions in which attention should be

pointed in investigating industrial con-

ditions, and it is hoped to follow this

up by other conferences with a view to

putting into effect a definite code which

cin be and will be enforced.

Mr. Arthur J. Sweet of Milwaukee,

as a delegate of the Illuminating Engi-

neering Society, addressed the American

Association of Railway Surgeons on the

afternoon of October 17th at the Hotel

Sherman, Chicago. His subject was
"Wise and Unwise Wartime Economies

in Lighting."

Reprints of the full paper entitled

"Light, Fine Art the Sixth" by Mrs.

Mary Hallock-Greenewalt, abstract of

which appeared in the last issue, may
be had upon application to Mrs. Hallock-

Greenewalt at 1424 Master Street, Phila-

delphia.
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I. E. S. WAR NOTES.

A Message from President

George A. Hoadley.

To the Members of the Illmninating

Engineering Society:

There is probably no one connected

with the Illuminating Engineering So-

ciety who does not know that the ser-

vices of its many members are at the

command of the Government to be used

for winning the war.

Those who were fortunate enough to

be present at the one-day Convention

held on October 10, 1918, came away
with their enthusiasm more fully

aroused and their determination to do

their share more firmly fixed.

That this would be the natural result

of the work of that convention was
foreseen at the Council meeting on

October 9th, and was a deciding factor

in the decision that was adopted regard-

ing the Committee on War Service.

This decision was that the work of

this committee is of so great importance

that its members should consist of the

entire membership of the Society, that

there should be a small executive com-

mittee consisting of Preston S. Millar,

Chairman, C. W. Cutler, S. E. Doane,

W. A. Durgin, Edw. P. Hyde, Clarence

L. Law, E. B. Marks, J. F. Meyer, Wm.
J. Serrill and G. H. Stickney, and that

of this number Dr. Hyde be appointed

as a member of the Advisory Commit-

tee of the Engineering Division of the

National Research Council, represent-

ing the Illuminating Engineering So-

ciety on that committee.

The general plan of operation will be

that all activities that would normally

come before our Committee on War
Service will be considered by the execu-

tive members of that committee who
will select from the general membership

of the Society those who in their opinion

are best qualified to take up the work
that needs to be done. This practically

means that every member shall consider

himself a minute man subject to call at

any time.

The fact that one member of our

Executive Committee on War Service

is a member of the Advisory Committee
of the Engineering Division of the

National Research Council will serve to

co-ordinate the work of the Illuminating

Engineering Society with that of the

National Research Council, by provid-

ing a direct channel through which there

can be submitted for the consideration

of our Executive Committee on War
Service any problems that come within

its province.

The six billion loan has been raised;

the war is won and there will come a

call, possibly greater than any the war
has yet brought, for help in the prob-

lems of national and international

readjustments.

Honor Roll.

Information has reached the General

Office that the following members have

become affiliated with the active mili-

tary or naval forces of the United

States. Earlier issues of the Trans-

actions give the names of members who
have previously enlisted

:

S. G. Swisher

John MilHs

W. G. Eager

H. Syril Dusenbury

Edw. G. Pratt

In sending announcements of their

affiliation with certain branches of the

military or naval service, all members

are requested to give their rank, division

with which they are connected, their

present service address and their home
address.
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GENERAL OFFICE.

We are anxious to learn the where-

abouts of a few of our members, who
have evidently moved from their former

addresses, and have not advised the

General Office of such changes. Below
are the names of these members of the

Society and their former addresses.

Information leading to their present

locations may be forwarded directly to

the General Office of the Society.

E. Cantei.0 White
Duplex Lighting System, Inc.,

122 S. Michigan Ave.,

Chicago, 111.

R. E. BiTNER

1342 Girard St.,

Washington, D. C.

Emery Roth

343 High St.,

Newark, N. Y.

J. T. ROFEY

Fine Science Laboratories,

Roffy-Baker Co.,

203 Highland Bldg.,

Pittsburgh, Pa,

W, A. Darrah
Assistant Chief Engineer,

Ohio Brass Co.,

Mansfield, Ohio.

OBITUARY.

Members desiring to present written

discussions for convention papers or

reports, which have not already ap-

peared in this number, are requested to

do so immediately. Such discussions

should be addressed to the Chairman of

the Committee on Papers, Mr. G. H.
Stickney, Fifth and Sussex Streets,

Harrison, N, J,

The recent epidemic of influenza

which swept the country claimed in its

toll a Director of the Society, a man
who was considered an authority on the

subject of illumination and whose
papers on this subject have been pre-

sented before several technical societies.

Robert ffrench Pierce passed away on
October 19th, a victim of pneumonia,
after a very brief illness at his home
in Media, Pa. His widow and three

children survive him.

Mr, Pierce was born in Salem, Iowa,
in 1879, He was a graduate of Harvard
University and a member of the Har-
vard Club in New York. Since July,

191 1, Mr, Pierce was associated with the

Welsbach Company, in the capacity of
chief illuminating engineer. He was a

Director of the Society from October i,

191 7, up to the time of his death.

Great sorrow was expressed at the

news of the death of Mr, Pierce, and
at the Council Executive Committee
meeting held on October 24th resolu-

tions regarding his death were adopted,

a copy of which were sent to the family

of the deceased. The resolutions ar<

printed in another column of this issue.

Funeral services were held in Phila-

delphia on October 22nd, and in accord-

ance with the expressed wish of Mr,
Pierce his body was cremated.

Word has just reached the General

Office that Dr. Charles H. WilHams of

Boston died on June 8, 1918.
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ILLUMINATION INDEX.

Prepared by the Committee on Progress.

DATE PAGE

I918

Burton Chance Sept. 146

E. P. Hyde
W. E. Forsythe and

F. E. Cady Sept. 65

ra-Red
- W. W. Sleator Sept. 125

W. Harrison Sept.

An index of references to books, papers, editorials, news and abstracts on illuminating engi-

neering and allied subjects. This index is arranged alphabetically according to the names of

the reference publications. The references are then given in order of the date of publication.

Important references not appearing herein should be called to the attention of the Illuminating

Engineering Society, 29 W. 39th St., New York, N. Y.

American Journal of Ophthalmology

Color Vision

—

Astrophysical Journal

The Visibility o£ Radiation

—

The Absorption of Near In

Radiation by Water-Vapor

Central Station

Comparison of Lighting Units

—

Location and Number of Lighting

Units—

A Story of Tungsten

—

Chemical and Metallurgical Engineering

Recent Developments in Ceramics and

Optical Glass

—

Home-Made Optical Glass

—

Direct Etchings on Glass

—

Cotton

Improvements in Lighting Practice

—

Illuminating the Modern Mill

—

Practical Methods of Cotton Mill

Illumination

—

Electrical Contractor-Dealer

Illumination

—

Inefficient Electric Lamps to be Elim-

inated

—

Selling Illumination Service and Not

Merely Lamps and Fixtures

—

Electrical Times

Electricity in Agriculture

—

Lighting at the N. K. Restaurant

—

Electrified Seeds

—

High Temperature Processes

—

Ward Harrison Oct. III

C. H. Humphries Oct. 116

A. V. Bleininger Sept. 27 469

H. E. Howe Sept. 27 479

News Item Sept. 27 478

A. L. Powell Aug. 685

A. L. Powell Sept. 749

A. L. Powell Oct. 815

Harold Brown Sept. 86

News Item Oct. 116

Chester A. Gauss Oct. 134

News Item Aug. I 84

News Item Aug. 15 105

News Item Sept. 5 146

News Item Sept. 19 174
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Electrical World

Conservation in Incandescent Lamp
Practice

—

Indirect-Lighting Unit for Industrial

Uses

—

Selection of Lighting Units

—

Pound-Foolish Lighting Curtailment

—

Tentative Program for Illuminating

Engineers

—

Artificial Daylight in the Industries

—

Application of Artificial Daylight

—

The Cost of Lighting Streets at Gales-

burg, 111.—

Conservation Restrictions on Summer
Resort Lighting

—

Comments on the Selection of Lighting

Units-

Daylight- Saving Measure Encounters

Opposition

—

Electrician

Efficiency of the Moore Light

—

Diminished Street Lighting in Lon-

don

—

Selenium as a Decolorizing Agent in

Glass

—

Standardization of Voltages

—

Photometer for Measuring Photo-

graphic Densities

—

"Direct Reading" Photometers

—

National Physical Laboratory

—

The Committee for Scientific and In-

dustrial Research

—

Scientific and Industrial Research

—

Improvements in the Spherical Pho-

tometer

—

Miners' Electric Safety Lamps

—

Electrical Review (London)

Electroculture

—

Electroculture

—

New Type of Oscillograph

—

Editorial

DATE

1918

Sept. 14

PAGE

482

News Item

D. H. Tuck

Editorial

Sept.

Sept.

Sept.

14

21

21

522

552

530

News Item

M. Luckiesh

Editorial

Sept.

Sept.

Sept.

21

28

28

568

586

News Item Sept. 28 600

News Item Sept. 28 603

Ward Harrison Oct. 12 705

News Item Oct. 19 754

Note Aug. 2 286

Note Aug. 23 348

News Item Aug. 23 348

Note Aug. 30 369

News Item Sept. 6 391

News Item Sept. 6 391

News Item Sept. 6 394

News Item

Correspondence

Sept.

Sept.

6

6

400

402

R. von Voss

News Item

Sept.

Sept.

13

13

418

423

News Item

News Item

News Item

Aug.

Aug.

Sept.

23

30

13

184

208

260
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Electrical Review (U. S.)

Need for the Improved Lighting of

Woodworking Plants

—

Carrying Lighting Curtailment to Ab-
surdity

—

Three New Types of Lighting Fix-

I
tures

—

Importance of Terminal Lighting

—

Good Example of Showcase Lighting

—

Improvement in Lighting of Paint and

Varnish Works

—

Care in Replacing Carbon Lamps

—

Linking Science and Art in Lighting

—

Planning for Esthetic Lighting

—

New Method of Marking and Lighting

Safety Islands

—

Better Lighting of Glass Works and

Potteries

—

Tendency Toward Increasing Indus-

trial Illumination Intensities

—

War-Time Lighting Economies

—

Illuminating Engineering Society Holds

War Convention

—

Gas Age

Baltimore Plan Abolishes Flat Flame

Burners

—

A Self-Lighting Pond—

Garfield Decides Against 528 B. t. u.

Standard

—

Gas Industry

Calorific Standards

—

Gas Journal

Scientific Street Lighting—

The Household Fuel and Lighting

Order

—

Calorific Power of Gas and the Coal

Situation

—

Lighting of London

—

Organized Research a National Asset

—

Gas Record

Open Burners Waste Coal

—

F. H. Bernhard

Editorial

DATE PAGE

1918

Sept. 14 401

Sept. 14 410

News Item Sept. 14 423

News Item Sept. 21 469

News Item Sept. 21 471

F. H. Bernhard Sept. 28 481

Editorial Sept. 28 496

M. Luckiesh Oct. 5 532

Editorial Oct. 5 538

News Item Oct. 5 531

F. H. Bernhard Oct. 12 567

Editorial Oct. 19 618

Editorial Oct. 19 618

News Item Oct. 19 619

News Item Oct. 15 333

News Item Oct. 15 340

News Item Oct. 15 356

Arthur Hewitt Oct. 324

News Item July 30 220

T. Newton Aug. 20 346

Editorial Aug. 27 383

News Item Sept. 3 447

Editorial Sept. 10 474

T. Planner Sept. 25 156
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General Electric Review

Incandescent Lighting in War Time

—

Street Lighting with Reference to the

Manufacturer, the Central Station,

and the MunicipaHty—
Tendencies in Textile Mill Illumina-

tion

—

Industrial Management

Laws Regarding Insufficient Lighting

(Abstract from Am, Mach., Aug.

29, 1918)—
The Mechanism of Light Emission

(Abstract from Sci. M., Aug.,

1918)-

Journal of Electricity

Proposed Extension of Daylight Sav-

ing Time

—

Journal Franklin Institute

On the Luminescence Due to Radio-

Activity

—

A Physical Study of the Welsbach

Mantle

—

Journal of Physical Chemistry

Crystalloluminescence

—

National Electric Light Association Bulletin

The Incandescent Lamp Situation

—

Program of U. S. Fuel Administration

for Limitation of the Distribution

and Manufacture of Inefficient

Carbon and Gem Lamps

—

Limitation of Production and Distri-

bution of Inefficient Incandescent

Electric Lamps

—

Report of Lamp Committee

—

Nature

The British Glass Industry

—

High Temperature Appliances

—

Scientific Research and National Pros-

perity

—

DATE

1918

G. H. Stickney and

T. W. Moore Oct.

G. L. Thompson Oct.

A. L. Powell Oct.

C. C. Sherlock Oct.

E. P. Lewis Oct.

W. G. Vincent, Jr. Oct. i

E. Karrer and

D. H. Kabakjian Sept.

H. E. Ives

E. F. Kingsbury and

E. Karrer Oct.

H. B. Weiser

Editorial

News Item

News Item

News Item

News Item

C. F. Juritz

Oct.

Sept.

Sept.

Sept.

Sept.

Sept. 5

Sept. 5

PAGE

674

679

681

352

352

302

317

401

480

463

469

470

476

15

16

Sept. 19 55
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Philosophical Magazine

The Scattering of Light by Air Mole-

cules

—

Physical Review

On the Variations of the Photo-elec-

tric Current Due to Heating and

the Occlusion and Emission of

Gases

—

The Effect of Gases and Metallic

Vapors on the Electrical Proper-

ties Exhibited by Selenium Crys-

tals of the Hexagonal System

—

Proceedings American Institute of Elec-

trical Engineers

The National Engineering Societies

and the National Research Coun-

cil-

Proceedings Royal Society

A Statistical Survey of Color Vision

—

Revue Generale de L'Electrique

Notes sur I'eclairage electrique des

trains (Abstract from Locomotive

Mag, t, XXn, p. 281)—

L'effet de la guerre sur I'eclairage

electrique des trains (Abstract

from Locomotive Mag, t, XXH,
p. 206)—

La vacillement de la lumiere dans les

installations d'eclairage electrique

(Abstract from Elektrotechnische

Zeit, 13, 20, 27 Sept, 1917, t,

XXXVn, p. 453)-

Une Nouvelle lampe a vapeur de mer-

curel (Abstract from E. T. Z, 28

March, 1918, p. 129)—
Science

The British National Physical Labora-

tory

—

Scientific Organizations of the Allied

Nations

—

Red Rays and Photo-electric Effect

—

Non-silverable Containers for Silver-

ing Mirrors

—

R. W. Wood

L. A. Welo

W. E. Tisdale

G. E. Hak

R. A. Houstoun

K. Simons

News Item

News Item

C. A. Butman

W. W. Coblentz

DATE • PAGE

I918

Sept. 272

Oct.

Oct.

251

325

Oct. 1223

Aug. I 576

Aug. 17 soD

Aug. 17 51D

Aug. 17

Aug. 31 69D

Sept. 20 284

Sept. 20 288

Sept. 2^ 318

Oct. 4 343
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Science Abstracts A
Naming of Optical Glasses (Abstract

from Zeit. Instrumentenk., 38, Apr.,

1918, p. 49)—
Optical Properties and Theory of Color

of Pigments and Paints (Abstract

from Am. Soc. for Testing Mate-

rials, Proc, 17, p. I, 191 7)—
Brightness of the Black Body and the

Mechanical Equivalent of Light

(Abstract from K. Akad. Amster-

dam, Proc, 20, 7, p. 1036, 1918)—

Scientific American

The Blue of the Sky—
The Inertia of the Eye

—

Wartime Lighting in Denmark

—

Color Blindness

—

Scientific American Supplement

On the Correction of Optical Sur-

faces

—

New Process for Manufacturing Fila-

ments for Glow Lamps

—

The International Bureau of Weights

and Measures

—

The Significance of Glass-Making

Processes to the Petrologist

—

Luminous Rockets and Bombs

—

W. Zschokke

H. E. Mervin

DATE

1918

Aug.

Aug.

PAGE

320

320

G. Hols and

J. S. de Visser Aug. 322

C. Fabry Sept. 14 174

J. F. Tristan and

G. Michaud Sept. 28 255

News Item Sept. 28 263

News Item Oct. 12 289

A. A. Michelson Sept. 21 181

News Item Sept. 21 183

News Item Sept. 21 186

N. L. Bowen Oct. 5 221

News Item Oct. 19 252
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COUNCIL NOTES OF
INTEREST.

COTINCIL MEETINGS OF NOVEMBER
14 AND DECEMBER 12, 1918.

New Members.

Upon recommendation of the Board
of Examiners, the following applicants

were elected to membership

:

One Member.

Thos. F. 0'NEii.r.

Electrical Engineer,

Winchester Repeating Arms Co.,

New Haven, Conn.

One Transfer to Member.

WlI^UAM T. Bl.ACKWEI.1.

Illuminating Engineer,

Westinghouse Lamp Co.,

Bloomfield, N. J.

Six Associate Members.

H. F. Barnes
Illuminating Engineer,

Edison Lamp Works of General

Electric Co.,

Harrison, N. J.

S. D. Corey

Manufacturer of Corey-Lite,

Coxsackie, N. Y.

ZOE NATAI.IE CORRAZ

Technical Assistant in Study of

Light and Illumination,

Electrical Testing Laboratories,

8oth St. and East End Ave.,

New York, N. Y.

Carrie E. Horn
Technical Assistant in Study of
Light and Illumination,

Electrical Testing Laboratories,

8oth St. and East End Ave.,

New York, N. Y.

Harrison R. Johns
Foreman,

Harvey Hubbell Co. of Canada,

E. Toronto,

Ontario, Canada.

H. E. SHEI.T0N

Contract Agent,

Wilmington & Philadelphia Trac-
tion Co.,

834 Market St.,

Wilmington, Del.

One Sustaining Member.

PORTEAND Ra EWAY, LiGHT & PoWER Co.

Electric Bldg.,

Portland, Ore.

Official Representative

:

Francis H. Murphy.

One Associate Member.

F. F. Keenk
Electrical Engineer,

Crown Cork and Seal Co.,

1 501 Guilford Ave.,

Baltimore, Md.

Other Membership Changes.

The resignations of the

were accepted

:

following
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Four Associate Members.

George P. Smith, Jr.

W. H. Bi,ooD, Jr.

H. G. Reed

J. Monroe Brice

Two Sustaining Members.

Adirondack Electric Power Corp.

Glenn Falls, N. Y.

Official Representative

:

W. A. Biittrick.

Phoenix Glass Co.

230 Fifth Ave.,

New York, N. Y.

Official Representative

:

E. H. Peck.

Seventeen Associate Members.

Al.an Bright

Carnegie Institute of Technology,

Schenley Park,

Pittsburgh, Pa.

E. C. Brown
52 Vanderbilt Ave.,

New York, N. Y.

W. A. Cox
Public Service Electric Co.,

Newark, N. J.

B. F. Deck
Welsbach Co.,

Gloucester, N. J.

Charles H. Drummond
2255 N. Uber St.,

Philadelphia, Pa.

K. GiRDWOOD

Cooper-Hewitt Electric Co.,

8th and Grand Sts.,

Hoboken, N. J.

F. N. Hamerstrom
Welsbach Co.,

Gloucester, N. J.

E. P. Jones

United Gas Improvement Co.,

20 Maplewood Ave.,

Philadelphia, Pa.

B. Mulligan
420 Cummings Ave.,

Chevy Chase, Md.

N. H. Potter

Public Service Electric Co.,

Newark, N. J.

G. M. Sanborn

309-311 N. IlHnois St.,

Indianapolis, Ind.

H. R. Smith
Philadelphia Electric Co.,

7 and 9 Chelton Ave.,

Philadelphia, Pa.

P. F. Sullivan

Bay State Street Railway Co.,

245 State St.,

Boston, Mass.

M. F. Perkins

Public Service Electric Co.,

Newark, N. J.

H. McG. TUKESBURY
Welsbach Co. of New England,

16 Oliver St.,

Boston, Mass.

h. T. R. Ward
Public Service Electric Co.,

Newark, N. J.

W. F. Weadley
General Gas Light Co.,

Kalamazoo, Mich.

Four Members.

W. B. Cline

Los Angeles Gas & Electric Corp.,

Los Angeles, Cal.

C. P. Houghton
Los Angeles Gas & Electric Corp.,

Los Angeles, Cal.

H. F. Krantz
160 7th St.,

Brooklyn, N. Y.

A. W. Young
Public Service Electric Co.,

Newark, N. J.

Reinstatements.

L. G. D. Morgan
Edward G. Pratt

w. h. wohnus
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Deaths.

Notice has been received at the Gen-

eral Office of the deaths of Parker C.

Dolton, formerly connected with the

Philadelphia Electric Co., Philadelphia,

Pa., and E. E. Hulfish, also a member
of that organization.

An obituary of the late H. E. Randall,

Jr., will be found in another column in

this issue.

SECTION ACTIVITIES.

NEW YORK.

Meeting—November 14, 1918.

The 1917-18 Report of the Committee

on Automobile Headlighting Specifica-

tions was the paper of the evening.

Owing to the lack of time given for

discussing this paper at the twelfth

annual convention, it was found advis-

able to present this paper in its entirety

at the meeting of the New York Sec-

tion. Considerable discussion followed

the presentation, which discussions to-

gether with the report will appear in

the next issue of the Transactions.

Meeting—December 12, 1918.

A. E. Powell and R. E. Harrington

have collaborated in the preparation of

a paper "Light as an Aid to the Trans-

portation of Material" which was pre-

sented at the meeting of the New York
Section on December 12, 1918. Advance
copies of this paper are procurable upon
application to the General Offices. The
paper and discussions will appear in an
early issue of the Transactions.

PHILADELPHIA.
Meeting—November 15, 1918.

What resulted in a pleasant and in-

structive evening was the presentation

of the paper by Ward Harrison, "Acces-

sories for Industrial and Protective

Lighting."

The different shapes of porcelain

enamel reflectors, which are most
largely used in current practice, were
illustrated by lantern slides.

This was the first meeting of the

Philadelphia Section for 1918-1919, in-

asmuch as the meeting scheduled for

October could not be held because of

the prohibition of all gatherings on
account of the influenza epidemic.

CHICAGO.

Meeting—December 19, 1918.

As this issue goes to press, word has
reached the General Offices that Mr. M.
Luckiesh will present before the Chi-

cago Section on December 19th a paper
entitled "Camouflage." Mr. Luckiesh is

Chairman of the Committee on Camou-
flage of the National Research Council,

and will give an illustrated lecture on
the evolutions of marine and aerial

camouflage which Mr. Luckiesh has ac-

cumulated by months of flying experi-

ence while on investigations for the

government. He will describe his ex-

periences and accompany the talks with
many slides.

NEW ENGLAND.

Meeting—November 15, 1918.

The first fall meeting of the New
England Section was held at the Engi-
neers Club, Boston, Mass., on Novem-
ber 15, 1918, at which time A. L. Powell
presented the paper "Lighting of Cotton
Mills."

The other speaker of the evening was
Major Blair, U. S. A., on the staff of
Major General Wm. Crozier, U. S. A.,
Commanding the Department of the
Northeast, whose subject was "The
Kaiser, Is he a Criminal under the
Law?"
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NEWS ITEMS.

Revision of Membership List.

Members of the Society are requested

to aid in the revision of the Member-
ship List. Council has authorized the

printing of a new list and only through

the co-operation of each individual

member can this work be effectively

executed. The card bearing a request

for your present address and occupa-

tion no doubt has reached you and its

immediate return is the best assistance

the membership can lend to the early

printing of such a list.

The Council has appointed a commit-

tee on the revision of the Constitution

and By-laws, to recommend such modi-

fications as meet present needs. Any
member having suggestions to make in

this connection is requested to forward

them to the General Office or to G. H.

Stickney, chairman of the committee.

Lighting in Wartime.

To obtain comprehensive and con-

structive information on lighting in

wartime, covering aspects of wartime

lighting economies, protective lighting,

productive intensities, and the relation

between light curtailment and accident

hazards refer to the latest pamphlet

issued by the Society, entitled "Lighting

in Wartime." To manufacturers, cen-

tral stations, and individuals this

pamphlet carries the message and the

need for proper lighting. Upon appli-

cation to the General Offices, copies of

"Lighting in Wartime" can be obtained

at the cost to us.

Of interest to members of the Illumi-

nating Engineering Society returning

from war service, will be the action of

the Council, which empowers the Presi-

dent to appoint a committee to assist

war service members to locate civil posi-

tions. This work will be in co-operation

with the Engineering Societies Employ-
ment Bureau, formerly the American
Engineering Service, which was the

central body to which the Government
and war working establishment looked

to for engineers qualified for special

branches of engineering service, both in

military and civil walks. With the ceas-

ing of hostilities, the Engineering Socie-

ties Employment Bureau, in co-operation

with the several technical societies, is

endeavoring to assist engineers return-

ing from war work, to locate civil

po'^itions.

A movement has been started in

Toronto to form an association for the

purpose of furthering the interests of

illuminating engineering and improving

lighting conditions. H. D. Burnett and

W. P. Dobson, both members of the

Society, are the leading spirits. The
association is rather informal as yet

with no constitution, no regular meeting

place and no regular membership fee.

From Mr. Burnett, our Local Represen-

tative in Toronto, we learn that the

requisite to membership is interest,

directly or indirectly in the subject of

illumination. This movement had been

started in Toronto, before the World
War, but unfortunately some of the

leaders were called to active service,

and the matter temporarily held in

abeyance. With the evidence of the

struggle closed, interest has again been

revived, and the first meeting was held

on November 5th at which time George

C. Cousins, member of the L E. S.,

presented a semi-technical paper, "Pho-

tometry and Its Application to Com-
mercial Needs."

As. Mr. Burnett expresses it, with

the increase of interest in this new line

of endeavor, he hopes in this way to
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add materially to the membership of the

I. E. S.

In the December 5, 1918, issue of the

National Civic Federation Review, men-

tion is made of the work of the Divi-

sional Lighting Committee, of which

Mr. L. B. Marks is Chairman.

Attention is called to the adoption of

industrial codes by four states in the

Union, prepared under the auspices

of the Divisional Lighting Committee.

Several other states at this time are

considering the adoption of similarly

proposed industrial codes.

In Part II of this issue on page 528,

the Chairman of the Divisional Light-

ing Committee presents a statement cov-

ering the work of this committee.

A sister society has been formed in

Japan, and we are fortunate to reprint

here a news item covering the organi-

zation of the Illuminating Engineering

Society in Japan.

I. Organization of the Society.

During the year 1914, it was proposed
by persons interested in the matter to

organize a society for scientific research
in connection with the illuminating engi-

neering; but such a society faihng to

come into existence at that time, it was
subsequently again planned to organize
one in the early Summer of 1916 with
the result that, at last the present society
was formed on November 27 of the
same year.

The promoters of the organization of
the society consist of the following gen-
tlemen :

Dr. O. Asano
Mr. H. Kodama
Dr. I. Nakahara
Dr. K. Tatsuno
Late Dr. I. Fujioka
Dr. S. Kondo
Dr. I. Namba
Dr. M, Tonegawa
Late Dr. I. Hirobe
Dr. H. Nagaoka
Mr. Y. Shinjo
Dr. G. Yamakawa

Assistants

:

Mr. Y. Fukuda
Mr. M. Uchisaka

II. Enterprises oe the Society.

With a view to make the scientific

research in connection with the illumi-
nating engineering and of bringing it

into a wide practical application among
the public, the society is now carrying
on the following enterprises

:

(i) Publication of the Transaction.—
The Transaction is being published
quarterly, and contains speeches and
essays by the members, extracts and
news from the illuminating engineering
world, and business reports and accounts
of the society.

(2) Lectures.—Lectures are held at

various places from time to time, to
which the members of the society and
others interested in this science are
invited to pubHsh the results of their

researches, to speak of their experi-
ences, or to discuss their opinions, etc.

(3) Committee on Standardization of
Electric Lamps.—A committee on stand-
ardization of electric lamps was estab-

Hshed in March, 1918, and its meeting
being held every month, the matter is

being carefully investigated.

(4) Committee on Nomenclature.—

A

committee on the nomenclatures relative

to the illuminating engineering was es-

tablished in July, 1918, and its meeting
being held every month, the matter is

being carefully investigated.

(5) Prizes Offered on the Designs of
Illuminating Apparatus.—Public prizes

for the designs of illuminating fixtures

which will suit to the Japanese room of
the middle class households have been
offered, and the result thereof was pub-
lished in the first week of October, 1918.

(6) Historical Exhibition of Illumi-

nating Apparatuses.—A historical exhi-

bition of illuminating apparatuses was
held simultaneously with the above men-
tioned publication of designs.

(7) Public Lecture in Illuminating
Engineering.—It is now in course of
preparation to hold a public lecture in
illuminating engineering.

(8) Actual Measurement of Interior
Illumination.—With a view to publish
the result in the magazine of the society.
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actual measurement of intensity of
illumination in the interior rooms of
representative buildings is being carried
on.

(9) In addition to the above men-
tioned enterprises, several other under-
takings suitable for attaining the object

of the society are being carried on.

III. Members oe the Society.
The members of the society consist

of the following four kinds

:

Honorary members, being those who
hold a high situation and enjoy
a good reputation in connec-
tion with illuminating engineering
business.

Supporting members, being those who
support the principle of the so-

ciety and give a material assist-

ance towards the attaining of its

object.

Regular members, being those who
have been educated at a college

of high standard, or studied the

illuminating engineering science

or other science having connec-
tion with it, or have experience
in the illuminating engineering

arts or other businesses having
connection with them.

Associate members, being those who
are engaging in the illuminating

engineering works or have con-

nection with such business.

When the society was first organized,

the number of members was only 443,

all of whom were regular members,
although the society had canvassed
about for membership in every direc-

tion among the societies having any con-

nection with the illuminating engineer-

ing, such as those of electricity, gas,

architecture, physics, psychology, sani-

tation, etc. ; at present the number of

members is as follows

:

Supporting members 89
Regular members 537
Associate members 32

IV. Officers oe the Society.

There are one president, two vice-

presidents and forty-six councillors in

the society and managers are elected

from amongst the councillors by mutual
vote.

Present officers of the society are as

follows (excluding councillors) :

From 1916 to 1918.

President:
Dr. G. Yamakawa, Professor, Elec-

trical Engineering College of
the Tokyo Imperial University.

Vice-Presidents :

Y. Shinjo, Vice-President, Tokyo
Electric Co.

Dr. I. Nakahara, Vice-President, the
Tokyo Electric Light Co.

Managers:
Y. Fukuda, Electrical Engineer,

Imperial Communication Dept.
T. Hatano, Vice-President, Dai

Nippon Electric Lamp Co.
T. Kujirai, Professor, Electrical

Engineering College of the

Tokyo Imperial University.
R. Mitsuda, Electrical Engineer,

Imperial Communication Dept.
T. Nomura, Electrical Engineer, the

Tokyo Electric Light Co.
M. Uchisaka, Illuminating Engineer,

Tokyo Electric Co.

Purely PsrsonaL

Lieut. M. B, Hastings, associate mem-
ber of the Society and secretary of the

A. H. Winter-Joyner, Limited, Toronto,

has been awarded the Military Cross.

Lieut. Hastings left Canada with the

4th Canadian Mounted Rifle Battalion,

but was later transferred to an artillery

company.

GENERAL OFFICE.

We are anxious to learn the where-

abouts of several of our members, who
have evidently moved from their former

addresses and have not advised the Gen-

eral Office of such changes. Below are

the names of these members of the

Society and their former addresses.

Information leading to their present

locations may be forwarded directly to

the General Office of the Society.

W. W. Cloud, Philadelphia Electric

Co., 1000 Chestnut St., Phila-

delphia, Pa.
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W. P. Devery, Philadelphia Electric

Co., 7 and 9 Chelton Ave., Phila-

delphia, Pa.

G. G. Finley, Philadelphia Electric

Co., i8th St. and Columbia Ave.,

Philadelphia, Pa.

E. E. Miles, 42 Pine St., New York,

N. Y.

G. H. Guernon, Macbeth-Evans

Glass Co., 143 Madison Ave.,

New York, N. Y.

Geo. H. Cook, Public Service Bldg.,

Kenosha, Wis.

H. M. Hafleigh, Lansdowne, Pa.

H. Nusbaum, Beacon Light Co.,

Chester, Pa.

OBITUARY.

Another death resulting from influ-

enza has claimed H. E. Randall, Jr., a

member of the Society. Up to the time
of his death Mr. Randall was Electrical

Engineer of the Shawinigai Water &
Power Company of Montreal, Canada.
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ILLUMINATION INDEX.

Prepared by the Committee on Progress.

An index of references to books, papers, editorials, news and abstracts on illuminating engi-

neering and allied subjects. This index is arranged alphabetically according to the names of

the reference publications. The references are then given in order of the date of publication.

Important references not appearing herein should be called to the attention of the Illuminating

Engineering Society, 29 W. 39th St., New York, N. Y.

Annales de Physique

Contribution a I'etude du pouvoir absorb-

ant de I'atmosphere terrestre

—

Bulletin Society Francaise des Electriciens

Vocabulaire Electrotechnique

—

Central Station

How Mazda Lamps are Made

—

Electrical Contractor-Dealer

How to Make Show Windows and Store

Display Floors Produce Results

—

Electrical News

Photometry and its Application to

Commercial Needs

—

Electrical Record

Factory Lighting Units

—

Electrical Review (IT. S.)

Lighting of Rubber-Goods Factories

—

Electric Distribution System at Hog
Island Shipyard

—

Linking Science and Art in Lighting

—

Good Results from Chicago Industrial

Lighting Survey

—

School Lighting in Chicago Found

Deficient

—

Improving the Efficiency of Lighting

Fixtures

—

Electrical World

Utilities and Daylight Saving

—

War-Time Lighting Economies^

Lighting a Loom Room for Overtime

Operation

—

The Low Cost of Lighting-

Improving Conditions of Industrial

Lighting-

Treating Globes for Discoloration

—

Renovation of Discolored Arc-Lamp

Globes

—

Effect of Daylight Saving on Central-

Station Income—

DATE PAGE

1918

A. Baoutaric July-Aug. 5

July-Aug.-Sept.-Oct. 289

J. Watson Dunbar Nov. 152

J. E. Bullard Nov. 30

G. G. Cousins Nov. 15 27

News Item Nov. 41

F. H. Bernard Oct. 653

H. W. Young Nov. 2 683

M. Luckiesh Nov. 2 690

Editorial Nov. 2 693

News Item Nov. 2 689

Editorial Nov. 9 730

Editorial Oct. 26 777

Editorial Oct. 26 779

F. C. Taylor Oct. 26 795

Editorial Nov. 2 825

News Item Nov. 9 904

Editorial Nov. 16 923

Alfred Herz Nov. 16 935

News Item Nov. 16 939
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Electrician

Experimental Examination of the Arc

in Gases under Pressure

—

Gas Age

Canadian B. t. u. Standard

—

A Plea for Lighting Departments

—

Industrial Research

—

New Lightless Nights Order not

Withdrawn

—

Gas Journal

Glasgow Gas Lighting Centenary

—

The Temperature of Luminous
Flames

—

Calorific Power in Canada

—

The Calorific Standard for Manufac-

tured Gas in Canada

—

Industrial Management

The Relation of Light to Health

(Abstract from Engineers Club of

Philadelphia, July-Sept, 1918)—
Illuminating Engineer (London)

Fluorescence and Phosphorescence

—

Proposals for a Standard of Light

—

Journal Franklin Institute

The Measurement of Transmission-

Factor

—

A Physical Study of the Welsbach

Mantle

—

Municipal Journal

New Lights Installed, Cincinnati,

Ohio-
Nature

On Color Sensitized Plates

—

Scientific and Industrial Research

—

Physical Review

The Heterochromatic Differential

Threshold for Brightness. II,

Theoretical

—

The Photoluminescence and Kathodo-

Luminescence of Calcite

—

The Specific Heat of Tungsten at In-

candescent Temperatures

—

W. Mathiesen

DATE

I918

Sept. 27

PAGE

Arthur Hewitt

Chas. S. Gravatt

Editorial

Nov.

Nov.

Nov.

I

I

15

384

437

News Item Nov. 15 458

News Item Sept. 17 537

News Item

Editorial

Sept.

Oct.

24

15

576

114

A. Hewitt Oct. 1=; 120

C. E. deM. Sajous Nov.

A. L. Landau
News Item

M. Luckiesh and

L. L. Mellor

Aug.

Aug.

Nov.

H. E. Ives

E. F. Kingsbury and

F. Karrer Nov.

News Item

Chapman Jones

News Item

440

197

195

529

585

Dec. 15 587

Oct. 3 92

Oct. 17 128

L. T. Troland Sept. 359

E. L. Nichols

H. L. Howes and

D. T. Wilber Nov. 351

P. F. Gaehr Nov. 396
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Proceedings National Academy of Science

Types of Phosphorescence

—

Railway Electrical Engineer

Installation o£ Electric Headlights

—

Report of Committee on Electric

Headlights

—

Train Lighting Equipment and Prac-

tices

—

Lighting Layout for Engine Terminals

and Yards

—

New Car Lighting Specifications

—

Electric Car Lighting Specifications

—

Standardization of Car Lighting

Equipment

—

Alternating Current HeadHght Equip-

ment

—

New Bracket for Changing Arc Loco-

motive Headlight to Incandescent

—

Electric Headlights

—

Lighting Layouts for Engine Ter-

minals and Yards

—

Revue Generale de L'Electrique

Installation pour la determination de

I'intensite lumineuse des lampes

dans toutes les directions (Abstract

from E. T. Z., t. 39, June 27, 1918,

p. 253) (Documentation)—
Un Nouvel indicateur de vide a fil

chaud a multiplicateur (Abstract

from E. T. Z., t. 39, June 13, 1918,

P- 235) (Documentation)—
Le prix de revient de la lumiere Moore

(Abstract from Bull, de I'Assn.

Suisse des Electriciens, June, 1918,

p. 129)—

Un Pyrometre a comparaison optique—

Science

Mr. Abbot's Theory of the Pyrheli-

ometer

—

Fireflies Flashing in Unison

—

The Purpose of Research

—

Industrial Research and National Wel-

fare

—

DATE PAGE

1918

E. L. Nichols and

H. L. Howes Oct. 305

Editorial Aug. 229

News Item Oct. 295

News Item Oct. 323

News Item Oct. 330

Editorial Nov. 342

News Item Nov. 367

H. D. Rohman Nov. 343

News Item Nov. 368

News Item Nov. zi-^-

News Item Nov. 345

News Item Nov. 349

J. Sahulka

W. Tschudy

Sept. 7 74D

Sept. 21 89D

M. Wolfke Sept. 28 99D

News Item Oct. 5 512

F. H. Bigelow Oct. 25 417

Fremont Morse Oct. 25 418

H. N. Ogden Nov. 29 525

Elihu Root Nov. 29 532
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Scientific American

Petroleum Substitutes for Miners'

L^amps

—

Scientific American Supplement

Testing a Light Filter

—

Fixing Photographic Prints without

Hypo

—

Life and Light (The Process by

which Living Organisms Produce

Light)-
Twilight Phenomena

—

Scientific Monthly

Camouflage

—

Transactions I. E. S.

Illuminating Engineering as a Com-
mercial Force

—

Abstract—Relation of Bureau of

Standards to Illuminating Engi-

neering

—

Abstract—The Relation of Light to

Health-
Abstract—Notes on Illumination in

Stores and Factories

—

Abstract—Physics of the Welsbach

Mantle-
Abstract—Office Lighting

—

Abstract—Timely Aspects of Light-

ing-
Abstract—The Training of a Lighting

Salesman

—

Abstract—Light : Fine Art the Sixth-

Synopses of Popular Lectures Circu-

lated by the Illuminating Engineer-

ing Society

—

News Item Nov. 23 407

News Item Nov. 2 275

D. Kidd Nov. 23 326

R. Dubois

News Item

Nov.

Nov.
30

30

338

341

Abbott H. Thayer Nov. 481

0. R. Hogue
C. L. Law and

E. E. Whitehorne Oct. 10 357

M. G. Lloyd Oct. 10 368

C. E. De M. Sajous Oct. 10 370

F. J. Pearson Oct. 10 373

H. E. Ives Oct. 10 375

Ward Harrison and

J. R. Colville Oct. ID 376

M. Luckiesh Oct. 10 378

C. A. Luther Oct. 10 379

Mary Hallock-

Greenewalt Oct. 10 380

Oct. 10 381
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A COLOR SYMPOSIUM.*

IN SIX PARTS-

BY

c. E. ferrEe; and g. rand, irwin g. priest,

BEATRICE IRWIN, H. C. RICHARDS,

M. I^UCKIESH, I^EONARD THOMPSON TROI^AND.

PART I.

THE POTENTIALITY OF COLOR IN LIGHTING.

BY M. LUCKIESH.

Mythology reveals the fact that color impressed mankind be-

fore the beginning of recorded writing, and researches among
the primitive races of to-day indicate that color influences the

human organism early in the evolutionary progress of man up
the ladder of civilization and intelligence. It appears that there

are certain psycho-physiological effects of various colors innate

in the colors themselves but the meager language of color which
is definite to-day is a result partially, if not largely, of associa-

tions and usages. For ages, colors have played expressive and im-

pressive roles in nature, mythology, poetry, ecclesiasticism,

theatricals, painting, decoration, and architecture, and they have
been associated with many purely utilitarian uses. Therefore,

with the passage of time there have been added to the language

of color, many symbolical usages with the result that the definite

meaning of color is no longer confined to the psycho-physiological

effects which may be innate characteristics.

* A series of papers prepared for the 1916-17 Correspondence Convention of the Illu-

minating Engineering Society, and circulated among members of the Society and others
who were thought to be interested. This series was also presented before the New York
Section October 11, 1917. Part III of the series was also presented before the Philadelphia
Section, Philadelphia, Pa., Dec. 21, 1917.
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However, the definiteness of this language is not extensive and

there is the ever-present difficulty of determining the boundary

between fact and fancy. This is made more confusing by per-

sons possessing at best only a superficial knowledge of the facts

of color who fail to distinguish between fact and fancy. In any

contemplated employment of colors on a sufficiently large scale

to provide an atmosphere or environment which affects those who

come under its sphere of influence, it is essential to be able to

separate the innate or fundamental psycho-physiological effects to

which the individuals of a group, nation, or race are similarly

susceptible from those aspects which are matters of individual

taste. Taste is more or less a personal matter and therefore in-

determinate because it depends upon the associations, experiences,

and intellectual development of the individual.

In gleaning the knowledge of the expressiveness and impres-

siveness of color from the many indirect and unassociated sources

of information it is easy to go astray because of the many in-

fluences or factors to be considered. It is senseless to adopt a

certain color-effect for all occasions which from a superficial

view appear similar just because the result is satisfactory in one

case. The environment and the spirit of the occasion may vary

greatly. Further, red is a signal of danger but it is only recog-

nized as such in its appropriate environment. Combined with

these many aspects are the problems of esthetics and harmony of

color which make the problems of color in lighting extremely

intricate if the lighting specialist aims to tap the potentiality of

color and to obtain results which have a sound basis for existence.

Some so-called artists brush the whole matter aside by relying

on their feelings or sensibility. But we cannot justify the ignor-

ance of facts and it is interesting to note that great artists are

first great scientists so far as their work is concerned. There is

nothing supernatural or superhuman in art; the mysteries are

merely unknown or unexplained facts. Furthermore, it does not

diminish our appreciation of the beautiful and the impressive to

become acquainted with their philosophy and to solve their

mysteries.

In this introductory paper the discussion is designedly confined

to generalities because a treatment of details would lead far afield

owing to the necessity for much qualifying material. The ma-
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terial of the language of color cannot be treated briefly; but it

has been compiled for presentation elsewhere.^ But the lighting

specialist may accomplish much of his own accord by utilizing

the coldness, warmth, and neutrality of colors which may be

obtained in any degree by a proper selection of hue, tint, and

illumination intensity. He may study the symbolic uses of color

and gradually extend these to lighting. There is no reason why
we should not paint with light; in fact, this is an excellent de-

scription of an artistic lighting effect. In applying tinted illumi-

nants in this manner, the lighting artist has in hand a medium
much superior in expressiveness, adaptability, and variety, than

pigments, and the principles of esthetics and harmony of color

apply equally well to illuminants and pigments.^

A few common examples may illustrate the use of colored

lights for their psycho-physiological effects. Red is character-

istically a stimulant or excitant. It has been shown that more

work of a certain nature was done by subjects under this illumi-

nant in a given time than under ordinary light. However, it is

not recommended for constant use any more than stimulants

taken internally. By decreasing the saturation until a delicate

tint is obtained perhaps just the required enlivening effect may
be obtained for a given purpose. For example, a light tint or

reddish purple, commonly called rose, is delightfully stimulating

and may be suitable for certain occasions in dining and living

rooms or in ballrooms and restaurants, though this hue is not

suitable for a quiet study.

Yellow and orange are mildly stimulative and best described

as warm colors. It is interesting to note that tints and shades of

yellow are the colors most widely used in interiors. Perhaps this

usage has arisen from a desire to make the interior cheerful and

inviting. Incidentally, the color of most early illuminants has

been a warm unsaturated yellow. These influences have natur-

ally led to a desire to alter modern illuminants to a warm yellow

color. However, the mistake is made in using amber for this

purpose for its hue is greenish yellow which is not generally

pleasing for illumination. It is possible to obtain a warm yellow

both in glass and in permanent superficial coatings so there ap-

^ " The I^anguage of Color " (ia press), Dodd Mead and Co.

2 " The I^ighting Art," McGraw-Hill Book Co., 1918.
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pears to be no necessity for using amber except for a spectacular

purpose. There is plenty of evidence which shows that a light

tint of greenish yellow is an unpopular color. Sometimes in the

simimer, interiors in which the illuminant is of a deep yellowish

hue are psychologically uncomfortably warm.

Green is most generally characterized as a neutral color per-

haps due to continued adaptation to large areas of this color in

nature. It has value for illuminating purposes in the more elab-

orate artistic schemes of lighting.

Blue is a cold, sedate, and even depressing color. It is often

considered to possess the attributes of serenity and harmony

doubtless due to its occurrence in the sky which is certainly the

acme of serenity when of a clea^ blue color. Its dominating

presence in many landscapes perhaps has led to the bestowal

upon it of the attribute of harmony. The coldness of blue or

blue-green is often undesirable, but proper tints of these colors

may be utilized to advantage. For example, how much more

inviting and comfortable a theatre appears in midsummer when
illuminated by light rays of a delicate blue-green tint. There

are many such applications for the coldness of certain colored

illimiinants. In most of the applications of colored illuminants

for general lighting, tints that are felt but scarcely seen are more

generally desirable than illuminants giving purer colors although

the latter have decorative value.

A knowledge of the general preference for various colors may
be helpful to the lighting specialist. Similarly the attention-value

of colors may find suitable applications. Although there are some

data available pertaining to these aspects, the psychologist must be

prevailed upon to provide more. This is also true of the more

utilitarian aspect of colored light, for at the present time the

lighting specialist does not possess enough definite information

to enable him to specify colored illuminants for various activ-

ities in which they may possibly be used to advantage. For ex-

ample, certain kinds of work may be done more rapidly and

satisfactorily under colored illumination than under ordinary

illumination.

Colored light is responsible for certain physiological effects and

therefore may eventually find a wider use in medical treatments.

The psychological effects of illumination by colored light may
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also be destined to an extensive use in the treatment of mental dis-

orders. The opinions regarding the relative glaring effects of

different colored lights vary considerably and therefore the phys-

iologist will be of service in investigating this problem among

many others.

The physics of color is the most thoroughly explored aspect of

the entire science of color and the physicist and the chemist are

prepared to furnish many colored illuminants, by developing

permanent filters for use with modern light-sources. Researches

in colored media are complete enough to furnish most of the

colored illuminants which may be demanded. Artificial daylight

has been produced, and the old illuminants have been simulated

by means of permanent colored filters, various other illuminants

have been developed for special purposes and physical and chem-

ical data are available for the development of many other filters.

There are some aspects of the physics of color which remain

to be developed. For example, no rational system of color-nota-

tion exists and a method of color-photometry has not been stand-

ardized. The latter has been studied chiefly with a view toward

standardizing a method of photometry- for ordinary- illuminants,

but those interested in color are in need of a suitable method of

photometry" for colors in general.

Excellent progress has been made toward standardizing a

scale of color for illuminants on a temperature basis. Many
kinds of colorimeters are in use which indicate the lack of stand-

ardization in colorimetr}-. This Societ}" has adopted a portion of

the terminolog}- of color which it is hoped will be considered by

various scientific as well as artistic bodies interested in the sub-

ject. There is a general looseness in the use of color-terminolog\'

in the discussion of color which is confusing and deplorable.

May we not appeal to this body for a more careful consideration

of these matters ?

Colored illuminants are now being used for many special pur-

poses but there is much work to be done in order to be suffi-

ciently sure of the ground to warrant further developments in

certain promising fields. As new developments appear, the scien-

tific uses of colored light will be extended. For example, there

are some unanswered questions pertaining to colored illuminants

for signalling purposes and for various visual activities. There
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appears to be a necessity for a more general knowledge of the

use of colored glasses for protecting the eyes. At present, un-

proved claims are in some instances the basis of sales propaganda

for such glasses. This energy might better be expended in pro-

viding tests of such devices.

Colored light is important from the standpoints of dye-testing,

photographic processes, visual acuity, retinal sensibility, signalling,

microscopy, plant growth and development, many chemical proc-

esses, and in the vast field of psychology and physiology, much
of which is unexplored. In advertising, in the theatre, and in

other fields, colored light possesses unlimited potentiality in ar-

tistic and spectacular effects. For example, imagine the lighting

of the Panama-Pacific Exposition without its magnificient effects

of color and the possibilities of colored light in a single field

will be evident.

Every problem of lighting is perhaps solved when distribution,

color and intensity have been properly related. A few of the

aspects of color in lighting have been mentioned with the aim of

indicating the magnitude of this field. It appears that the light-

ing scientist of the future will find the horizon of his field of

activities greatly extended and the lighting artist has before him

great opportunities for painting with light. But it is unnecessary

to await some future day for the potentiality of color in lighting

is ever-present and opportunities for drawing upon it are

omnipresent.
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PART II.

COI.OR FROM THE PHYSICAL POINT OF VIEW.

BY H. C. RICHARDS.

Let me first express my appreciation of the honor which your

society has done me by asking me, who am neither an engineer

nor (as the sequel will show) illuminating, to take part in this

symposium on color. I must also compliment your committee on

the selection of a subject of such great interest from so many

different points of view.

The task is assigned me of introducing the subject by consider-

ing its physical aspect. Now at first sight this would seem to be

a simple matter. For we are told that color, being a sensation,

does not exist in the physical world about us, but is a subjective

phenomenon. I might therefore at this point gracefully close and

yield place to my successors. But this might be a dangerous sur-

render of ground, since the phenomena of color, excluding excep-

tional cases of purely subjective color, as when we see red (or feel

blue), are closely co-ordinated with the physical stimulus. It is

therefore appropriate that a discussion of color should be prefaced

by a consideration of the laws and properties of radiant energy

which are related to the assigned topic. However, this would

open up for discussion almost the whole field of optics, at least

as far as is included in the visible spectrum. Such a program

is obviously impossible to undertake in the limitations of such an

occasion as this. I shall therefore confine myself to some re-

marks on the physical phenomena attending the production of

light of various colors.

The color of a light may be expressed in terms of its hue,

brightness and saturation; or we may define it by the relative

amounts of three standard colors, as red, green and blue, which

must be added to produce the same impression on the eye. But

these are more or less subjective definitions. From the physical

point of view the character of a light (i. e., its color) is deter-

mined by the distribution of energy among the different wave-

lengths in its spectrum. The translation of this information into

terms of color sensation is effected by the study of the effect of
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light of various wave-lengths in producing the fundamental color

sensations.

It should be noticed however that the converse is not true, i. e.,

it is not possible to infer without ambiguity the constitution of

a light from observations of its color, since various combinations

of spectral constituents will yield the same color sensation. Thus

a mixture of light from the red and green portions of the spec-

trum may be made to produce a yellow sensation matching a

spectral yellow. And the sensation of white may be produced in

many different ways.

There is here a contrast between the sister sciences of optics

and acoustics. The characteristics which distinguish sounds

—

pitch, intensity and quality—correspond completely to the three

physical properties of a wave—length, amplitude and form or

complexity, while in optics the co-ordination of the properties of

hue, brightness and saturation to the corresponding physical prop-

erties is imperfect. The reason for this doubtless lies in the

mechanism of the organs of sensation. The ear perceives sounds

by a process of selective resonance, waves of different length af-

fecting different parts of the organ, while this is not true of the

eye. But to pursue this thought further would lead us into for-

bidden territory.

Turning to the physical laws determining the color of a light

source, we find two classes of illuminants : Those having discon-

tinuous and continuous spectra. To the former belong luminous

vapors, to the latter incandescent solids and liquids. The classes

differ not only in their physical structure but also in the method

by which the luminosity is produced ; for while continuous spectra

are produced by heat alone, the production of a discontinuous

spectrum requires for the most part electrical or chemical action,

though in some cases heat is used to stimulate such action.

Sources giving discontinuous or bright lii^e spectra furnish us

with the most brilliant and varied colored lights. These are pro-

duced by salts volatilized by a flame or by the electric discharge

through rarefied gases. Here we have all degrees of complexity,

from light of but one wave-length, as in the yellow of sodium or

the green of thallium, to that of mercury vapor where there are a

half a dozen constituents, and so on to more complex cases such as

that of iron with thousands of lines. When the wave-lengths
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present are predominantly in one portion of the spectrum, the hght

will be more or less richly colored, as for instance in the brilliant

red of the strontium flame or of the neon vacuum tube. When the

energy is more or less uniformly distributed through the spec-

trum the light becomes whitish in character, as with the Moore

carbon dioxide tube or even the mercury vapor light. The rela-

tions between the wave-lengths present in a given spectrum are of

great interest to physicists and are being assiduously studied as a

means of obtaining information as to the structure of the radiating

atoms, but they are of no importance to the present discussion.

Sources of this class have long been used in the production of

colored fires, etc. The only cases in which they have found ex-

tensive practical application as illuminants has been in the mer-

cury vapor arc and the Moore carbon dioxide tube. They are

also used in the colored or flaming arcs produced by impregnating

the carbons with various metallic salts. In the latter case the

effect is combined with the continuous spectrum of the incan-

descent carbon. Even in the ordinary carbon arc the line spec-

trum of the carbon vapor and of impurities is present, though it

plays a subsidiary role.

By far the greater number of illuminants belong to the class

of those having continuous spectra, among which we must in-

clude our most important or standard light—that of the sun.

In these the predominant part is played by temperature. It is

familiar to us all that as the temperature of a body is raised it

begins at about 500° to emit light which changes in color as the

body becomes successively red hot, yellow hot and white hot.

The laws of the distribution of energy in a radiating body, i. e.,

of its color, have long been of interest from the theoretical as

well as the practical standpoint. To Kirchoff a half century ago

we owe the law known by his name that at a given temperature

the light emitted by a body is proportional to its absorbing power,

and that this is true not only for the light as a whole but for the

separate constituents. Thus good absorbers radiate more at the

same temperature than good reflectors, and a body which selec-

tively absorbs a part of the spectrum will have a greater emissive

power for the same region. A familiar illustration of the law is

the almost non-luminous bead of sodium hypophosphate in the
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blowpipe flame, due to its high transparency, while the support-

ing platinum wire is brightly incandescent.

Caution must be used in interpreting this law, for the absorbing

power of a body is a function of its temperature, and bodies which

are selectively absorbing, i. e., are colored at ordinary tempera-

tures may lose this property at the temperatures necessary for

incandescence. We need not therefore infer for, example, that

red glass and blue glass will necessarily emit light of markedly

different quality when heated to incandescence. The opposite ef-

fect is seen with the Welsbach mantle which is white at low tem-

peratures but when heated (due to the traces of cerium), be-

comes increasingly absorbent of blue light and therefore takes on

a yellowish tinge. Accordingly the mantle emits light which con-

tains a greater proportion of blue to red light than other illumi-

nants at the same temperature.

The law of Kirchoff also leads us to infer that a perfectly black

body, i. e., one which will absorb all incident radiation, will at a

given temperature emit more light than any other body, and that

the amount of each frequency emitted by such a body is a definite

function of the temperature and of the frequency. This com-

plete or black body radiation has played a prominent part in

both theoretical and practical investigations. Thus on the side

of theory it has led not only to important and interesting laws

but has formed the starting point of a new theory—the quantum

theory—which is modifying our fundamental conceptions as to

the nature of energy. On the practical side it gives us a stand-

ard of radiation independent of the various properties of differ-

ent kinds of matter, which can be accurately reproduced and

which, as in pyrometry, can be used as an indicator of temper-

ature.

The laws of black radiation are summed up in the formula of

Planck which states that the radiation of a given wave-length A

and temperature (abs.) T is given as

C, I

Ea-
,AT

e'''^ — I

where C^Cg are constants. As far as the visible spectrum is con-

cerned one may use the simpler formula of Wien :
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Another important result deduced from theory and confirmed b}^

experiment is known as Wien's displacement law. This shows us

that while the energy emitted increases with temperature the in-

crease is more rapid in the shorter wave lengths, so that the

wave-length where the energy is a maximum is inversely as the

absolute temperature, or

\ . T = const.

This law, which is accurately followed by black bodies and

qualitatively by other incandescent bodies, explains how the color

of a luminous body changes as the temperature is raised. At

first only the red waves are produced in sufficient amount to be-

come visible but at higher temperatures the shorter increase in

relative prominence and the light while increasing becomes whiter

and whiter. The advantage of high temperature in illuminants is

therefore not only in obtaining greater efficiency by increasing the

proportion of visible radiation but also in approaching closer to

the quality of our normal illuminant—sunlight. That we are

still at some distance from attaining our ideal by this means is

evident when we consider that the quality of sunlight approxi-

mates to that of a black body at 5,000°.

The quality of the light emitted by a source is not always the

quality with which we are concerned. We see this even in the

case of sunlight; for while the temperature of the sun is about

7,000°, its light is modified in passing through its own atmos-

phere and ours until, as before mentioned, it approximates to

that emitted by a black body at 5,000°.

The light of a source is usually modified by transmitting it

through a selectively absorbing medium such as colored glass.

This subtracts from the light its different constituents in varying

proportion so as to modify its spectral quality. By this means
one light source may be made to produce the same effect as an-

other. Thus amber glass shades may be used to "tone down"
the whiter electric light to the quality of lamplight; and the last

few years have seen the production of "daylight glass" which
modifies the light of a tungsten bulb to the approximate quality

of daylight. For accurate reproduction of light of one quality

by that of another it is necessary to have a screen or rather a

filter whose transmitting power for each wave-length is propor-
tional to the ratio of the intensities of the sources for that wave
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length. It may perhaps be worthy of remark that even when a

suitable medium has been found, the result will not be correct un-

less the proper thickness has been selected. Thus if a glass of

given thickness will transmit twice as much blue as red, one of

twice the thickness will transmit four times as much.

Another but less usual method of modifying the color of a

light is by selective reflection. We have recently had an instance

of this in the gilding of the reflectors of automobile headlamps to

produce a yellower and supposedly more penetrating beam. In

interior lighting, especially in indirect lighting, the color of the

light is often modified by reflection from the walls so that its

quality may be quite different from that of the original source.

Even daylight has been found in summer to be slightly tinged

with green by mixture with the light reflected from foliage, while

in winter or over the sea the effect is absent.

A light of given quality may also be produced by combining

sources of different kinds. This method has been used to produce

artificial daylight. This is also the basis of some processes of

color photography, where any color is imitated by the addition in

various proportions of red, green and blue lights.

The color of an opaque object depends on two factors: The

quality of the light which falls upon it, and the relative amounts

of the various constituents of the light which are reflected to the

eye. Objects therefore appear of different colors when differently

illuminated, and to preserve color values it is essential that the

spectral distribution of the illuminant be kept unaltered. It is

this that has produced the stimulus to the production of artificial

daylight, which to be completely successful must not only give

the eye the impression of daylight, but throughout the spectrum

must approximate to the distribution found in the real article.

I have not spoken of the production of colors by interference

or diffraction, as these methods, though instructive and interesting

from the physical point of view, have no important practical ap-

plications. For the same reason I have not alluded to fluor-

escence, which in some cases modifies the color of an object, but

which, except in the use of the fluorescent rhodamine screen to

introduce a red component in the light of the mercury arc, has

been little used in practical lighting. The scattering of light by

suspended particles and even by the molecules of the air, which
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produces the blue of the slcy and affects the quaUty of daylight,

must also be left without further allusion, and other color phe-

nomena of interest from the physical side must yield to the pre-

scribed limitations which I fear have already been exceeded.
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PART III.

COLOR IN ILLUMINATION.

BY BEATRICE IRWIN.

As indicated by the title, the subject of this paper is "Color in

Illumination." Before discussing this single aspect of color, how-

ever, it is desired to dwell briefly upon another and distinct phase,

which is included in what I call "The New Science of Color."

Observation and experiment have led to the conclusion that

there are three fundamental scales of color, which react respec-

tively on our physical, mental and nervous systems. These I

have named the physical, mental and nervous colors. Each of

these is divided in turn, in accordance with its affective values,

into sedative, recuperative and stimulant colors. Whether we
are aware of it or not, color always falls within one of these

three groups and always affects us in one of these three ways.^

I have attempted to represent these subdivisions of color in the

accompanying chart. (Fig. i.)

Red has been called a stimulant, blue a sedative, and green an

exhilarating color. I contend that red can be a sedative, blue a

stimulant, etc., according to the composition of the red or the

blue, or according to its combination with other colors. If we
can determine and appreciate the psychological as well as the

physiological value of a color we can utilize it to an extent hith-

erto unknown. This theory I have submitted to laboratory as

well as other tests.

Once we realize that the terms red, blue, green, etc., are only

symbols for long ranges of vibratory phenomena which we must

classify and utilize with a new nicety and thoroughness, we
shall have taken the first step toward realization of the full value

of color as an influence in our lives. If this new language of

color is to conduce to the comfort of all, it will have to establish

its credentials through universal as well as individual channels,

and it will have to prove its industrial as well as its esthetic

and scientific value.

^ This subject is elaborated in my recent book, "The New Science of Color," whose
chief aim is to liberate color from the purely objective and ornamental status that it has
held in our past consciousness and expression.
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YELLOW

VERMILION

TURQUOISE

BLUE
'

GOLDEN
BROWN

MOSS GREEN
TERRA GOTTA

PRUNE
'

LEAD GRAY

PURPLE

AZURE BLUE

CITRON

MAUVE

EAU DENIL

FLAME
ROSE

ORANGE

MOONLIGHT
"BLUE

CHROME
YELLOW
VIOLET

EMERALD
GREEN

ROYAL BLUE
FAWN

/ ROSE MADDER
OLIVE GREEN

Fig. 1.—In this chart the golden circle represents ether; the violet space. Earth; the

centeral diamond space, the head of man : (the upper point of the diamond repre-

senting his spiritual eye and the left and right points respectively representing his

left avlA right eyes). Figs, i, 2 and 3 represent respectively the physical, mental and
nervous systems with their subdivisions of sedative, recuperative and stimulant colors.

The: Three Color Systems With Their Subdivisions.

3The Physical

Sedative

Lead gray

Prune

Terra cotta

Moss green

Recuperative

Golden brown
Turquoise

Stimulant

Vermilion

The Mental

Sedative

Olive green

Recuperative

Rose madder
Fawn
Royal blue

Emerald green

Stimulant

Violet

Chrome

The Nervous

Sedative

Moonlight blue

Recuperative

Orange
Flame rose

Stimulant

Eau de Nil

Mauve
Citron

Azure blue
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At last color is coming into her own through many channels,

and while realizing as I do, their respective significance, I do not

hesitate to say that one of the greatest opportunities for scien-

tific color expression lies in the hands of the illuminating engi-

neer, for if the physician and psychologist can determine the

science of the affective value of color, the illuminating engineer

can supply that light of any desired hue, and through this oppor-

tunity he can develop a new field of achievement.

But in order that he may avail himself of this opportunity he

must train his eye and his whole organism to this broader vibra-

tory conception and realization of color.

The color-sense, like all senses, is dependent upon a definite but

gradual education, and while it is more developed in some than

in others, it is certainly capable of coherence in all, and it is to

the achievement of this coherence that the new science of color

aims.

An increased color sensibility, with a lack of coherence is what

all color expression suffers from at the present moment. In this

color language we have found a new voice, but we are trying to

sing songs before we have formulated syllables—or practiced our

scales. The students of color-science are thinking and speaking

of color in the psycho-physiologic terms individual to itself which

my chart provides, and which aim at a clearer understanding upon

a hitherto vexed question.

In this century any message that claims to be universal must

fulfil exacting and multiple conditions, because this is the glor-

ious age of co-operation, of mental democracy and of the inter-

mingling of industry, art, science and religion. History has never

recorded any epoch in which there was such an alliance and in-

terpenetration of activities, not for the purpose of individual en-

joyment, but for the general welfare. I have traveled once and

a half around this radiant world, and of all the countries visited,

America appears to me to be foremost in demonstration of this

co-operative universalism. The theoretical philosophies and cau-

tious enterprise of other countries pale before the ruddy and

solid proofs of progress that are embodied in your vast cities,

your expositions, your splendid libraries and colleges, and in

your representative homes, which all proclaim the marvels of light
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and the longing for its further utilization and understanding

through this mobile and ardent medium of color. Surely then it

is not only well, but essential that we should employ some spec-

ialized classification of a phenomenon that we are expressing so

freely.

For, fundamentally this growing need and use of color, and

the increasing number of persons who are explaining and demon-

strating its life, are only so many statements of the fact, that

having battled with nature's coarser forces and expressed their

conquest through graven images of metal, wood and stone, the

race is now turning to the conquest of the finer forces which are

collectively expressed in such words as light, electricity, vibration

and color.

I am therefore happy to report to you that this new and

broader aspect of color is finding more numerous adherents

among psychologists, artists, astronomers and craftsmen.

Turning now to color in illumination, we may premise that the

principal purposes of illumination are "Utility," "Beauty" and

"Hygiene." Each of these may be promoted through a discern-

ing and discriminating use of color, and the demand for color in

illumination is a proof of our need for specialization in this ap-

plication of light. I can foresee the creation of harmonic and

mobile installations that will vie with nature's rhythmic distribu-

tion of light, which is so marvelously adapted to man's mobile re-

quirements, for it is contrary to cosmic law that the human or-

ganism so pulsating and plastic in its essence, should be subjected

to a monotonous lighting. How would a plant be afltected I won-

der were it subjected to the same degree of light continuously?

Once the principles of color-science have been mastered, half

a dozen decorative schemes can be created by the use of adjust-

able screens, or textile linings for globes, but these linings should

not fatigue the eye with useless design. In lighting, as in other

channels, the liberation of color from conventional design is an

essential point because our perception of vibratory color values

is impeded by our perception of form. In my decorative work I

advise diffused semi-indirect lighting for the first or general in-

stallation, and either lamps, side brackets or globes sunk in the

wall for what I call special or color installation. I^et us consider

these installations in detail.
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The general installation may with esthetic propriety lay more

stress upon its fixtures which have a permanent decorative value

in the interior, but these fixtures should also be selected in har-

monic correspondence with general color environment. How
often one sees a charming little room vulgarized by the intro-

duction of a massive, pretentious brass or bronze lamp that is

utterly incongruous with either the volume of light generated or

the textiles illuminated. My attendance at various electric ex-

hibits has shown me that considerable attention is still needed

in this accessory branch of illumination. The general installa-

tion should be tinted either to heighten or lower the whole vib-

ratory color values of the room, but this tinting should be deli-

cate and unobtrusive, its aim being to create atmosphere rather

than to focus attention. This is the function of the second, or

color installation, and in this case the fixture should be as nearly

invisible and as unimportant as possible, so that the impression

received may be from the color itself, and it is best to express

such light motifs in the natural recesses of shadow, or if such

recesses do not exist in a room, we can create them by various

artificial means. For this purpose I have used masses of silk

(which has a high reflective value) around special installations.

The sunken globes to which I have referred were also origi-

nated by me for the purpose of creating mobile color expression

in the interior. Set in the wall under glass ledges, their brilliance

gives life to the hollowed niche in which is set the color screen

which they illumine. These screens, which I am painting on

parchment, are varied in form, can be changed at will, and are

restful and effective. The electric current operated in connec-

tion with them can have several degrees of intensity, which

further affects the color values of these screens. In large halls

or ball-rooms such effects could be used with great decorative

value in conjunction with pools of colored light in the floor

under glass translucences.

When people become more acquainted with the hygienic value

of colored lights possibly they may insist on these installations

with as much stress as they now lay upon ventilation. Compare

our modern windows with the slit-like apertures of the middle

ages, and notice how the race demands light as it progresses.

Now, from quantity we are advancing to quality, and color-
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science can teach us to differentiate in this all-important ques-

tion of the degree and nature of the lighting system in our dwell-

ings. Unless in stores, where matching is a necessity, I think

that the daylight system of illumination is a source of eye strain

and nervous exhaustion. Just as inadequate lighting is respon-

sible for eye strain in some cases, so over-lit rooms are respon-

sible in other cases for more neurasthenics than the average phy-

sician is aware of. Color-science suggests that every building

shall have two systems of illumination for alternate, but not

simultaneous, use. The first installation shall fulfil practical de-

mands, preserving the general conditions necessary for ocular

hygiene, but avoiding any pronounced color or decorative effects.

For example, in a dining-room or library, for general purposes,

there should be a discreetly tempered luminance graded harmon-

ically to the vibratory color values of the room, but in addition

to this there should be decorative motifs of light which have a

definite color purpose and value, and this installation could be

operated as occasion demands.

To preserve color-balance a room worked out in sedative color

scale should have recuperative values in its first, and stimulant

values in its second installation. Do you notice that I purposely

avoid the terms "utilitarian" and ''decorative," because I feel so

strongly that in reality these terms are one, the greatest use al-

ways underlying the greatest beauty, the needless distinction be-

tween these terms being accountable for most of our errors in

color expression.

For example, a living room may be worked out in sedative

gray with first installation of diffused lighting in recuperative

rose, and second installation in recuperative orange, stimulant

green and mauve. Once the key of this new color classification

has been mastered, endless hygienic and esthetic combinations

can be worked out.

It is quite possible for a lighting system to possess color hy-

giene without possessing any aesthetic value, but it is the aim of

color-science to combine beauty with use in a very high degree.

A few models demonstrating these principles can be seen at the

Edison Exhibits on Irving Place, and other models are in view

at the Color Science Centre on 57th Street. The object of this

talk has been to prove that a co-operation between color-science
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and illuminating engineering could considerably augment the

three fundamental purposes of illumination, namely, utility,

beauty and hygiene.

We could co-operate to bring people to realize the physical

benefit and nerve repair to be obtained from mobile lighting.

They might learn to vary the color screens in their rooms as

they now vary the hanging of pictures. Indeed these decorative

illuminations may take the place of pictures in many homes
where it is not possible nor suitable to collect antiques. In the

future these first expressions of a new art science may them-

selves be called "antiques !" Who knows, save Time, that strange

wizard, who doles out the mysteries of space no sooner than we
are ready to receive them ?

I have always felt a strong analogy between the American and

the Greek Republics, for the great American public is as vital

as the great Athenian public was in its demand for variety and

beauty in every expression of life. Therefore, with ardor I com-

mend color-science, and I invoke the co-operation of the illumi-

nating engineers, for whose present attention I am most happy

and grateful.
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PART IV.

THE PSYCHOI.OGY OF COLOR, IN REI^ATION
TO ILLUMINATION.

BY IvEONARD THOMPSON TROIvAND.

COLOR AS A FORM OF CONSCIOUSNESS.

When the committee requested me to present a paper on "The

Psychology of Color," it seemed to me that their phraseology

was redundant, since from my point of view color appears to be

a psychological fact, and a psychological fact only. The word
"color," as it is used in popular, as well as in psychological dis-

cussions, refers to one of the fundamental qualities out of which

our every-day experience or consciousness is made up; it is the

basic stuff or substance of our visual awareness. The world of

seen space, out into which we look, presents itself to us at each

moment, as a pattern of colors and luminosities, arranged in

three dimensions. This world of immediate visual consciousness,

freed of the physical interpretations which our laboratory science

thrusts upon it, is a subject matter of psychology, and only in

this experiential world, so far as we know, does color exist.

Color, considered as a fact of immediate consciousness, must

of course possess causes or conditions, and the science of color is

as a matter of fact, more concerned with these conditions than

it is with color itself. Thus we know that the normal experience

of color in any individual awareness depends upon the stimula-

tion of the eye with radiation comprised of a limited range of

wave-lengths, it depends upon the response of the retina, upon

the excitation of the optic nerves, and upon the activity of certain

parts of the brain. Color thus has its physical and its physiolog-

ical bases, but these are not themselves color, nor are they col-

ored; and we should be very careful not to confuse them with

color.

I have noticed a tendency to employ the word color in studies

which deal purely with the objective properties of radiation, and

I believe that this usage is undesirable because it conduces to a

confusion of issues which really should be kept separate. Planck,

for example in his discussion of temperature radiation, constantly
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uses the word color as a synonym of wave-length. The greater

fraction of the radiant wave-lengths with which his theory deals

do not even have the power to excite color when they strike the

eye, but even those which do possess "visibility" are simple eth-

eric undulations or electro-magnetic pulses, and not color. The
"black body" radiation curve of an incandescent substance does

not constitute a. color, but merely represents a group of physical

stimuli, which when applied to a normal visual organism will gen-

erate a color.

The confusion of color with the physical stimuli which usually

produce it might be pardoned if the relation between actual color

and optical stimuli were constant. As a matter of fact the rela-

tion, or relations, are far from being rigidly fixed. Apparent color

is a function of a large number of variables, only one of them

being the wave-length constitution of the radiation which some

object transmits or reflects, or which strikes the retina. Phys-

ically, the "color" of rosaniline or methylene blue, is a constant,

as it depends upon the chemical constitution of the substances,

but the qualities which we experience when we look at these

dyes depend not only upon the nature of the radiation which im-

pinges upon them—whether it be "tungsten light" or "daylight"

—

but also upon the state of adaptation of the eye, the contrast

conditions, the visual "type" to which we belong, and even upon

what we expect or are accustomed to see under the given con-

ditions.

An illustration of the practical importance of these psycho-

logical and physiological variables which influence experienced

color can be found in connection with the new "daylight" lamps.

If the purpose of these lamps is to reproduce at night the color

experiences of daytime, it is certain that we cannot always ac-

complish this result by supplying radiation identical in wave-

length composition with sunlight. A show window illuminated

by strict artificial daylight, if set in an environment of ordinary

"tungsten" or even "nitrogen tungsten" light appears distinctly

bluish and cold. And it really is bluish and cold, so far as these

terms have any meaning. The color is a result of the reaction of

our psycho-physiological organisms, and in attempting to repro-

duce the color world of our daytime experience, contrast is a vari-

able often more important than wave-length constitution.
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Similarly, the state of chromatic adaptation or "tuning" of the

visual system must be taken into consideration. If we come

suddenly from the "yellow light" of our common artificial il-

luminants into daylight, artificial or real, the latter will seem un-

naturally blue, because the exposure of the eye to the yellow light

has raised its relative sensibility to blue. It is not quite correct,

moreover, to say that this blueness is an illusion, and consequently

to neglect it as of no practical importance. The actual color qual-

ity of our experience is blue, whatever may be the constitution of

the radiation which is falling upon the retina. This radiation

itself has no color at all. If we neglect the level of chromatic

adaptation of the eye, in attempting to reproduce the daylight

experience, we are passing over a fundamental variable in the

equation which determines such experience. Such an effort would

be like trying to regulate the pressure of a confined gas merely

by changing the volume of the vessel in which it is contained,

without considering possible variations in its temperature, which

might result from the volume changes themselves.

It is of course true that if we pass from a yellow-illuminated

environment into one which is flooded with true daylight, the

bluishness which at first was so apparent, rapidly wears off. But

this change follows an asymptotic curve of decay; it is never

quite complete, and as time goes on the change occurring in each

moment becomes less and less. This asymptotic law of color

adaptation has many lines of practical application, some of which

at first sight may seem logically opposed to each other. In the

first place, it implies that the residual effects of the exposure of

the retina to "colored light" will persist for a long time. There

is good empirical evidence that this persistence increases with

the intensity and duration of the exposure. If we have spent an

hour in distinctly "yellow light" and then enter a room illuminated

by daylight, the bluish appearance of things may continue for a

relatively long time. The same effect is produced, of course, as

a result of wearing amber glasses. Persons who use these glasses

habitually, as for example in motoring, more often complain of

the bluish quality of ordinary daylight than do persons who have

never worn yellow lenses.

According to Hering, common daylight is psychologically

slightly yellowish. If this is true it means that throughout the
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day our visual apparatus is being strongly adapted to yellow, so

that if we were suddenly to be shown a true white, it would

appear somewhat bluish. Just what a true white is, physically,

we shall consider below. But if the rod-cone or duplicity theory

of vision is true—and it is the best-substantiated hypothesis in

the whole field of sensory psycho-physiology—the quality of rod

or twilight visual experience should be entirely achromatic.

Night vision should give us a chiaroscuro of pure grays. Yet it

has been asserted repeatedly that rod vision gives us a field which

is slightly bluish. Konig considered this appearance to be so strik-

ing that he relegated blue vision to the rods entirely, and said

that the rod-free fovea of the retina was blue-blind, a statement

which is positively erroneous. The most reasonable explanation

of the blueness of night vision with the rods would seem to lie

in Hering's belief that sunlight is psychologically or physiolog-

ically yellowish. If, throughout the day, we are being adapted

to yellow, the blue after-effect of this exposure should be ex-

pected to combine with the neutral gray of evening vision, making

the latter somewhat bluish and cold.

Perhaps the most pervasive, if not the most fundamental prin-

ciple of psychology is that of association, and it has been clearly

shown that the workings of this principle can not only modify

our imaginations, but can alter the quality of our perceptions

and sensations. Long and constant experience has caused us to

add to the actual physical data of evening vision a certain amount

of blueness, which is subjective in its manufacture but which

nevertheless forms an integral part of our visual consciousness.

To a certain extent it may be true that simply because we are

aware that it is evening, we subtract yellow and add blue to

every color which we see, just as we subtract red from a snowy

mountain peak illuminated by the setting sun, and thus see it

still as white and not as pink snow.

This adaptational and associative blue of evening may then be

a factor which should always be taken into consideration in

planning artificial lighting which has definite color aims in view.

Psychologically, the distribution curve of daylight from an arti-

ficial illuminant, may fail to reproduce the color world of day-

time experience. Even under the most favorable conditions of

contrast and adaptation, such a stimulus may continue to give us
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a cold and unnatural feeling. For this reason it is quite likely

that the common "daylight" lamp, which is a compromise be-

tween true daylight and efficiency, may in fact come closer to the

reproduction of actual daylight experience than would the strict

photometric daylight.

To a person who does not appreciate the importance of asso-

ciation and expectation in determining our experience, it may
seem absurd to suppose that a maintenance of the wave-length

constitution of daylight in evening illumination, could do any-

thing but maintain the visual quality of daylight. It should be

borne in mind that strictly speaking it is impracticable to main-

tain daylight conditions in the evening, since although the wave-

length factors might be kept constant, the intensity and uni-

formity of the illumination would almost inevitably be reduced.

Wave-length constitution is only one of the variables in the visual

stimulus which affects the color quality of the sensation. Ap-

parent color is also a function of intensity, both absolute and rel-

ative. It varies in a most remarkable manner, also, with changes

in intensity, when the retina has been adapted to a specific color.

If the eye has been exposed for a fairly long time to a certain

color, such as yellow, and then the level of illumination is low-

ered, the original field of exposure is smeared over with a thick

layer of color complementary to that of the original—and still

existing—stimulus; in our example, blue. I have studied this

very interesting phenomenon in considerable detail, and have

called it the chromatic dimming effect. The pertinancy of this

effect to our present discussion lies in the fact that the coming

of evening necessarily introduces a dimming in the general il-

lumination, from 1,000 to about o.i millilamberts roughly; so

that if, as Hering claims, daylight is actually yellowish, evening

light although physically of the same quality, should appear blu-

ish, as a result of the chromatic dimming effect.

The problems of color are very closely linked up with those

of luminosity, and especially with the conceptions of "white"

and "black." Physically, we define a "black body" as one which

possesses non-selective absorption, and has an emission curve

following a certain equation. The apparent color of this body,

of course depends upon its temperature ; it will only appear black

when its temperature is low, and there will be only one tempera-
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ture at which it will appear strictly white. Below this tempera-

ture it will be yellowish or reddish ; above this temperature bluish.

There has been considerable discussion, in connection with col-

orimetric procedure, concerning the definition of "white •light."

It seems to me obvious that "white light" or "white" radiation can

be defined logically only with reference to the properties or reac-

tions of the normal human visual apparatus. White radiation is

radiation which produces the sensation of white, or the achromatic

visual quality, whether it be white or some shade of gray. The
existence of complementary pairs of colors makes it evident that

there must be an infinite number of different combinations of

wave-lengths which will produce this sensation, and consequently

it becomes desirable to add the further criterion that "white"

radiation must have the distribution characteristic of a black

body. The tendency to identify white light in this sense with

solar radiation, or with black body radiation corresponding as

nearly as possible with solar radiation, is based upon the hypo-

thesis that sunlight actually produces the sensation of white. If

Hering's assertion, already referred to, is correct this hypothesis

cannot be retained.

It is remarkable that, the distribution curve of solar radiation,

plotted with respect to wave-length shows a maximum closely

coinciding in position with that of the human visibility curve, and

still more remarkable that the discrepancy between the positions

of the two maxima is such that it can be explained by the cooling

off of the sun since that evolutionary period in which the visibil-

ity curve was first established in the human species. If it is true,

as Hering alleges, that sunlight is slightly yellowish, this fact

can be explained by the same cooling off of the sun, on the sup-

position that coincidence of the maxima of the visibility and a

black body radiation curve would normally yield a pure achro-

matic sensation. In other words, it seems reasonable to believe

that color vision is a physiological device by means of which the

organism detects a deviation of wave-length distributions from

primitive solar distribution, which would be approximately the

distribution of a black body at a definite temperature. Conse-

quently it appears to be a commendable suggestion that "white

light" be defined, for colorimetric purposes, as radiation having
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a black body distribution, with its maximum coinciding with that

of the cone visibility curve, viz.: 555 /m/a,

Hering's opinion that sunlight is not strictly white, is based

more on the results of dimming effect experiments than on direct

observation. It is of course recognized by everyone that the sun

itself appears yellow, but this appearance can easily be explained

as due to contrast with the vast expanse of sky blue in which the

sun is always set. However, it is claimed by Hering that if the

retina is adapted to sunlight, and the stimulus is then simply

dimmed by the proper amount, the result is the production of a

distinct blue. The physiological criterion for "white" would thus

be that dimming should produce no apparent color, but merely

gray. In my own experience I have found this to be a very sen-

sitive test, but I have not as yet been able to apply it to radiation

which I knew to have a black body distribution with its maximum
at 555 i^/*-

SOME THEORETICAL COLOR PROBLEMS.

It may not be entirely without interest in a paper of this sort

to refer to some of the more purely theoretical problems of color

vision. In several respects color vision is one of the most mys-

terious processes of which nature affords us an example. Even
when we lay to one side the fundamental mystery of the relation

between consciousness and matter, there are a number of aspects

of the process which have proven themselves singularly baffling.

The physical spectrum is qualitatively continuous from one

end to the other, involving only a progressive change in wave-

length. The visible or color spectrum, however, appears to be

split up into regions which are qualitatively more or less dis-

tinct. This demarcation of colors in the spectrum as it appears

to the eye is so definite that early physicists, such as Brewster,

Wollaston, Goethe, et al, could not avoid the idea that there ex-

isted a number of distinct kinds of light, red, yellow, green, blue,

violet, etc., which were mixed together in different parts of the

spectrum in varying proportions. We now know that this relative

discontinuity of the visible spectrum is due to the action of the

retina or the visual apparatus as a vi^hole, and not to the existence

of qualitatively distinct kinds of radiation.

However, this is about as far as we have been able to go, with
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any feeling of security. We have thus far failed to separate out

well authenticated physiological or psychological color units, or

to arrive at a clear idea of what the process is by means of which

the retino-cerebral mechanism adjusts itself to changes in the

wave-length constitution of the stimulus. We can hardly avoid

the conviction that the immediate reaction of the retina is a photo-

chemical process, and that more than one photo-chemical sub-

stance is involved. By color mixture and matching experiments

we arrive at the conclusion that at least three such substances

must exist, but we have not been able to prove that there are

only three, nor have we been able to find any plausible explana-

tion of the antagonistic or complementary relationships of certain

pairs of wave-lengths. Theories have been advanced, of course,

but they have all failed to achieve that close quantitative contact

with experimental results which is demanded for verification.

In order that an animal should be able to make its color dis-

criminations the basis of definite action, the results of these dis-

criminations must be transmitted to the brain centers, and thither,

to the motor nerves. Experiments seem to show that stimulation

of a single retinal cone can give all of the elementary color ex-

periences, so that it must be possible for the differentiae of all of

the specific color reactions to be transmitted along a single nerve

fiber. This contradicts the very general principle of "specific

nerve energies," which supposes that the excitation of a single

nerve can vary only quantitatively and not qualtitatively. Al-

though considerable doubt has been thrown upon this principle in

recent years, no one has yet shown how qualtitative differences can

be transmitted along a nerve. Sufficient difficulty is being found

in endeavoring to explain the manner in which quantitative varia-

tions are conducted from the sense organ to the brain.

The problem of identifying, or of selecting primary colors is

of course closely bound up with the question of the actual mechan-

ism of color vision. Much confusion exists in the discussion of

primary colors, and in arguments in which primaries play a part,

because of uncertainty or variability in the choice of criteria by

which primaries are picked out. There are almost as many dif-

ferent sets of primaries as there are distinct theories of the color

process. The Young-Helmholtz theory, as worked out experi-

mentally by Konig and Dieterici, demands three primary colors,
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an extreme spectral red (mixed with a slight amount of blue), a

green (505 fifx), and a blue (470 /a/a). The Hering theory, devel-

oped empirically by Westphal, demands an extreme spectral red

(again mixed with a slight amount of blue), a yellow (574.5 /a/a),

a green (505.5 /u/a) and a blue (478.5 /x/a). The Hering theory

also includes black and white as primary colors.

In order to avoid some of the confusion which now exists in

the discussions which make use of concepts of primary colors,

it would seem to me advisable to define a primary color in a broad

way as one of a small group of colors in terms of which any pos-

sible color can be expressed. Primary colors should be distin-

guished carefully from primary visual stimuli, which might be

defined as members of some small group of stimuli in terms of

which any possible form of retinal response can be expressed.

Colors are the qualities of our immediate experience ; stimuli are

the physical forces which act upon the retina.

If we accept this broad definition of a primary color, it is per-

missible to develop a number of different sets of primaries, each

set capable of entering into formulae which will represent any con-

ceivable color, and determined in its constitution by the conven-

tions which have been adopted for its establishment and use.

Thus, the pigment primaries are red, yellow and blue, and other

colors can be expressed in terms of these by specifying the rela-

tive proportions of the primary pigments which are mixed to-

gether. The radiational primaries of the Young-Helmholtz

scheme, on the other hand, must be combined into formulae rep-

resenting proportions of radiation or of light; while the psychol-

ogical primaries of Hering's system are the reference points of a

subjective hue or quality scale. Corresponding with each set of

primary colors there will be a set of primary stimuli, or vice

versa. In the Young-Helmholtz scheme we determine the stim-

uli experimentally and deduce the colors; in the Hering system

the reverse procedure is employed.

In a discussion of the psychology of color, the psychological

primaries of the Hering theory should be given more than a pass-

ing notice. Physicists and engineers, generally, either are un-

aware of the existence of this set of primaries or else neglect it

as being of no significance, a state of affairs which is not entirely

justified. Hering's analysis starts with color itself, considered as
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a phenomenon of immediate experience ; radiant energy and wave-

lengths come only as a secondary consideration. He asks the

question: "What colors are in our experience qualitatively

simple, and what colors appear to be fusions ?" He answers with

Leonardi da Vinci, Goethe and others, that the simple and unique

colors are red, yellow, green, blue, black and white, and that all

other experienced visual qualities look like fusions of these

qualities in various proportions. Although yellow can be pro-

duced by the mixture of red and green lights, it does not look like

a mixture of red and green, any more than white looks like a

mixture of red, green and blue.

Considerable time has been spent by psychologists in endeavor-

ing to determine exactly what is meant by the criterion of sim-

plicity, or purity, which is employed in the choice of the psycho-

logical primaries. The color orange is not a compound in the

sense in which a pattern made up of red and yellow dots is a com-

pound, for the sensation orange is just as homogeneous as is that

of red. Some authorities, such as Von Kries, have asserted that

this concept of simplicity can be given no definite meaning in its

application to the color qualities, and hence that the psychological

primaries should be abandoned. My own opinion is that in the

selection of these primaries, as in other developments of human
thought, concepts have been used which were only half-formed

but which nevertheless rested upon real distinctions, and conse-

quently are capable of being made clear-cut, although in this

clearing-up process their complexion may be markedly altered.

The exact meaning of the term "simplicity" can be developed

mathematically from a study of the relations of the color qualities

in the spectrum, but the subject is too difficult a one for considera-

tion in the present paper.

I wish, however, to recommend to illuminating engineers who
are interested in the problems of color, that they give some atten-

tion to the system of the chromatic qualities which Hering and

his followers have developed. The purpose of "color in lighting"

lies in the visual consciousness; Hering's analysis is based upon

a direct study of the elements of this consciousness. The earliest

students of color problems based their theories of light upon a

subjective classification of the color sensations, and although we
now know that, considering the objective factors the understand-
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ing of which they had in view, their point of attack was ill-

chosen, we can hardly doubt that the facts which attracted their

attention are actually relevant to a comprehension of subjective

and organic factors, which enter into the ultimate goal of illumi-

nating engineering.

Another unsolved mystery of color vision is that of its evolu-

tionary origin and its biological significance. To the layman it

may seem absurd to ask ''What is the use of color vision?"

because there are so many practically important discriminations

in our every-day life which depend upon, or at least are aided

by a perception of color. However, the pertinency of the ques-

tion increases when we consider, first, that nearly all of these

practical situations have been created in the course of social

development, because color vision already existed; and, second,

that even in our complex colorific civilization the color-blind per-

sons gets along with very little difficulty, so that he may never

become aware of his defect until he is carefully tested in the

laboratory.

Some reasons exist for believing that originally color \ision

was developed as an adjunct of the reproductive function, and

should be considered virtually as a "secondary sexual character."

Color blindness appears in heredity to be a "sex-linked charac-

ter," as it occurs some forty times more frequently in the male

than in the female. The females of many species are drab, for

protection, while the males are highly colored. It is not improb-

able that this may have been the case with the fur-coated progen-

itors of the human species, and that color vision is in reality a

vestige of by-gone evolutionary conditions, which has now been

distorted from its primitive function, the recognition of a mate.

A more plausible view is possibly to be found in the considera-

tion that, although practically every judgment which we make on

the basis of color can be made also on a basis of luminosity or

shape, color discrimination greatly increases the speed with which

such judgments can be delivered. The visual discriminative reac-

tions of the color-blind individual are often slow and hesitatant.

The function of vision is of such tremendous importance for the

welfare of the individual that any feature in its working which

could add appreciably to its general efficiency would markedly

increase the chances of the individual or species in the struggle

4
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for existence. Color perception, also, is more absolute than is

the perception of luminosities. The tremendous changes in

illumination to which the eye is forced to adapt itself make it

practically impossible for the visual mechanism to evaluate

luminosities save in relation to other, simultaneously presented,

luminosities. On the other hand, although color adaptation occurs,

its range is sufficiently small so that our color sense provides us

readily with judgments of absolute as well as of relative color.

COLOR AND MENTAL EFFICIENCY.

My feeling, to which I have already alluded, that the topic

"The Psychology of Color," exhausted the contents of the science

of color was somewhat allayed when the committee informed me,

in answer to an inquiry concerning their conception of the scope

of my paper, that what was desired was a discussion of "the af-

fective value of color." My instinctive reaction to this problem

was that nothing was known about it, and that probably there

was nothing in it to be found out.

However, it is my good fortune to have at hand an account of

the recent investigations of Dr. S. L,. Pressey, in the Harvard

Laboratory, on "The Influence of Color Upon Mental and Motor

Efficiency." Dr. Pressey's work, although of necessity limited in

its scope, represents—so far as I am aware—the only systematic

attempt which has thus far been made to study the relations of

color to the higher psychological processes, under well-controlled

laboratory conditions. In considering this subject, I shall there-

fore confine myself to a brief summary of his methods and re-

sults.

The problem of the higher psychology of color may be subdi-

vided into the problems of color preference, and of the influence

of color on mental efficiency. Both of these factors may be sup-

posed to involve the influence of affective tone, i. e., the pleasant-

ness or unpleasantness of the color experience; or the emotional

effect. The literature of these topics is fairly extensive, but it is

characterized throughout by lack of scientific method and lack of

agreement. Practically every color has been preferred by one

group of individuals or another, in one historic period or another.

All of the colors have been employed as symbols of happiness, and

all as tokens of death. Statistically, the literature makes no state-
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ments ; one color appears to be almost as good as another for any

purpose, except that of actually copying the aspects of nature.

There is some agreement that brightness and redness have a

"stimulating effect," but even this is very indefinite.

Dr. Pressey's results confirm this conception of the effective

neutrality and equivalence of the colors, considered as isolated

factors of experience. He made no attempt to deal with color

patterns or sequences, such as enter into the chromatic fine arts,

but simply studied the effect upon mental performance of single

colors spread uniformly over the visual environment of the sub-

ject. The colors employed in the principal series of experiments

were primary red, green and blue, of about equal saturation. The
subjects sat before a table which was covered with a white, un-

glazed paper, and this was flooded with the colored light from

above, the eyes being protected from direct glare. Large gelatine

filters were employed, and the brightness of the table top was in

all cases about 7 candles per square meter. Pre-exposure of

the eyes was given to a "normal" tungsten light, for which the

colored light was substituted (without dark interval) during the

test period. The exposure periods were timed systematically.

As indices of the possible mental effects of the colors. Dr. Pres-

sey made use of the subjects' performance in a number of funda-

mental "mental tests," and also measured pulse and breathing

rates. Previous work by Stefanescu-Guanga, at Leipsig, had

indicated a marked influence of color upon respiration and heart

action, but Dr. Pressey's carefully taken records show absolutely

no consistent effects of this sort. Nine subjects were tested, over

a period of 10 to 12 weeks.

In order to test the effect of the colored light upon general

muscular facility, the subjects were required to tap at a comfort-

able rate with the finger during one-minute periods. The five sub-

jects employed showed no influence due to color, although signif-

icant increases in the tapping rate were obtained by increasing the

brightness of the light, proving the test to be sensitive to the gen-

eral sort of effect which was being studied. Another test of a

similar nature, sensitive to changes in general neuro-muscular

tone, consisted in requiring the subject to register a definite pres-

sure with the hand upon a postal scale. The results again were

negative, both for color and for brightness.
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Closer contact with the immediate affective experience of the

subject was obtained in a series of experiments made upon the

effects of color upon the pleasantness of "touch substances."

These touch substances were simply small squares of materials

varying in texture. The subject passed his finger tip over them

in succession, while exposed to the action of the colored light,

and estimated the pleasantness or unpleasantness on a subjective

scale of seven "points." Twenty substances were used, but no

influence of the color upon the judgments was evident.

A further test, clearly involving mental efficiency, was that of

the rate of multiplying under the colored illumination. Great

care was taken to allow for practice effects in this work, and al-

though increased brightness increased the rate of work, no specific

effect due to color could be detected.

The next test to be tried was that of the so-called "free associa-

tion experiment." The procedure of this experiment is simply

for the experimenter to speag a single word, and for the subject to

reply as quickly as possible with the first other word which

comes to his mind through association. The time required for

him to "think" of this latter word is taken with a stop-watch.

The recall of ideas by association is of course one of the most

fundamental principles of mental action. Eight subjects were

tested over a long period, but no influence either of color or

brightness was found. Similarly negative results were obtained

with respect to the rate at which the subjects memorized nonsense

syllables.

The final test employed by Dr. Pressey in his experiments is

what he calls a "continuous choice reaction." In the ordinary

choice reaction experiment the subject is required to react in one

way if a certain stimulus is presented, but in a different way if a

certain other stimulus is presented. In other words his muscular

response is specific with reference to the stimulus. In Dr. Pres-

sey's continuous choice reaction, as soon as the subject has com-

pleted one reaction he is automatically presented with another

stimulus, to which he must react immediately, and so on indefi-

nitely. The number of correct reactions which he can make in

a specified time determines his score in the test. This test pre-

sents in elementary form the typical situation which we face in all

neuro-muscular or mental adjustments, but no appreciable in-
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fluence of color upon the average performance of six subjects,

could be detected ; although brightness had a slight effect.

During the experiments, Dr. Pressey often required his subjects

to make introspective reports concerning the affective value of the

colors, as directly experienced. These reports not only showed

very little consistency from individual to individual, but also

varied from day to day in the same individual. Red was more

often found to be exciting than indifferent, and bright illumina-

tion was usually preferred to dim, but in certain subjects the re-

verse was true.

Dr. Pressey, himself, would not claim that his experiments dis-

pose entirely of the proposition that the use of color in lighting

may have a practical influence upon human happiness or ef-

ficiency. The tests employed, although representative of funda-

mental psychological functions, were not exhaustive. It would

be desirable to supplement laboratory investigations of this sort

by experiments carried out with actual factory operatives working

in their usual environment. However, it seems to me that Dr.

Pressey 's work, being carried out with twenty-six subjects, over a

period of three years, does establish a strong presumption that the

higher psychological influence of color in illumination—if it ex-

ists—is of very minor importance.

Dr. Pressey 's tests were designedly selected so that their re-

sults would not depend upon any direct ocular factors, such as

for example, visual acuity. Owing to the chromatic aberration

of the eye, monochromatic light gives a better defined retinal

image than does white light. Moreover, Nutting has shown that

the eye is quite accurately corrected for achromatism in the mid-

region of the spectrum—the region of high visibility—but very

poorly corrected in the end regions. Consequently, since in prac-

tical lighting we are forced to employ a wide spectral range, the

acuity factor would seem to demand the use of yellow green.

Considerations of luminous efficiency also obviously make the

same demand.

It should be borne in mind that generalizations concerning the

psychological effects of color may fail to apply to individual cases.

The generalizations are simply averages, in which a multitude of

individual differences cancel one another out. The affective values

of specific colors in individual minds will depend upon the idio-
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syncrasies of individual experience. Psychopathic cases are not

rare in which the sight of a certain color suffices to induce an

hysterical fit or to arouse an emotion of terror which quite para-

lyzes the mind. Such phenomena, however, are due to associa-

tions of ideas based upon past emotional experience, and may oc-

cur in connection with stimuli of any sort. Uniformities in the

social environment of all human beings may produce some uni-

formity in these associations, such as that of red with danger

—

blood, fire, and railway signals—but actually these uniformities

do not appear to be very marked.

CONCLUSION.

Even if the ultilization of a homogeneous spread of color in

illumination should not recommend itself upon rigidly practical

grounds, this would not mean that the illuminating engineer

should lose his interest in color. The affective value of color lies

essentially in color combinations, and the production of color com-

binations which are pleasing to the eye, although primarily a task

for the artist, cannot always be accomplished without the aid of

the illuminating engineer. Great credit is due to Mr. Luckiesh

for his clear recognition of the fact that the ultimate effect pro-

duced by a painting or a piece of sculpture depends almost as

much upon the manner in which it is lighted as upon the technique

and ideals of the artist.

Although the principal dimension in which we combine colors

to form color patterns, is that of space, those who are interested

in "color music" believe that they can also be combined in a

temporal sequence, with pleasing effects. Although it seems

doubtful if color sequences can ever possess the affective values

which characterize the tone sequences of phonic music, the il-

luminating engineer should lend his assistance to this new artistic

enterprise, as to the world of artistic endeavor in general.

It is very important to recognize that "affective values" are by

nature unstable, and difficult to attach to definite forms of stimula-

tion. The law of affective adaptation tends to reduce the pleasant-

ness or unpleasantness of any stimulus to a neutral level, with

repetition or continuation. Only those stimuli which arouse

fundamental instinctive tendencies, such as those of sex, hunger

and fear, can be relied upon to yield anything approaching re-
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liable affective results. Dr. Pressey found that this principle of

affective adaptation was much in evidence in the introspective

reports of his subjects.

On the other hand, the law of adaptation itself implies another

principle, which is of great practical importance in the control

of the affective life. This is the principle of novelty. Outside of

the major instinctive emotions, and also to a marked extent within

them, most of the pleasures of life are referable to novelty, to the

achievement of new experiences. The old scenes and the old

melodies pall upon us with repetition, and we look for new. We
travel in order to get a change; we stage a new drama; we may
even declare war in order to relieve the monotony.

What a remarkable medium for the production of novelty we
possess in color, with its infinitude of tones, saturations, shades

and contrasts ! It may not be the function of illuminating engi-

neering to light our streets with green in order to inhibit robbers

and gun-men, or to flood our dining rooms with red to stimulate

digestion. On the other hand, to provide us with an infinite

variety of colors, which we can choose according to the passing

fancy of the hour, may be a real service not only for the pleasure

of the instant, but indirectly for our mental and moral efficiency,

as it is governed by our satisfaction in living.
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PART V.

THE WORK OF THE NATIONAL BUREAU OF STAND-
ARDS ON THE ESTABLISHMENT OF COLOR
STANDARDS AND METHODS OF COLOR

SPECIFICATION.*

BY IRWIN G. PRIEST.

PURPOSE OF THIS PAPER.

The purpose of this paper is to present to the Illuminating En-
gineering Society an outline of the color standardization work
being undertaken at the Bureau of Standards. It is hoped that

it may lead to a closer co-operation between the Society and the

Bureau in whatever attempts they may make to place the matter

of color standards and color specifications on a more satisfactory

and reliable basis.

THE DEMAND FOR COLOR STANDARDIZATION.

It is difficult for one not in close touch with the subject to

realize the extent and urgency of the demand made by industrial

and commercial as well as scientific interests for the standardiza-

tion and specification of colors. For several years the Bureau

of Standards has been receiving numerous requests for informa-

tion, advice and assistance in this matter from the most diverse

sources. Among these applicants there are represented :—railway

officials, refiners of oils, paint and varnish manufacturers, to-

bacconists, manufacturers of chocolate, dairymen, physiologists,

psychologists, illuminating engineers, dealers in dyes, lithog-

raphers, packing companies, teachers of art, paper manufac-

turers, textile manufacturers, chemists, manufacturers of optical

apparatus, glass manufacturers, ophthalmologists, state govern-

ments and the following departments and bureaus of the national

government : Bureau of Chemistry, Navy Department, War De-

partment, Government Printing Office, Post Office Department,

Bureau of Engraving & Printing, Bureau of the Census, Bureau

of Entomology, Bureau of Lighthouses, and the Interstate Com-

merce Commission.
• Written by the Associate Physicist in charge of color standardization and pub-

lished with the approval of the Director, National Bureau of Standards, Washington,

D. C.
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Formal tests of the color, spectral transmission, and trans-

parency of materials have been made and reported to the fol-

lowing applicants : State of Minnesota, Navy Department, Post

Office Department, United States Customs Service, Bureau of

Entomology, Johns Hopkins University, Interstate Commerce
Commission, Geological Survey, Weather Bureau, Pennsylvania

Railroad Company, Swift & Company, Leeds & Northrup, War-
ren Manufacturing Company, Westfield River Paper Company,

Keuffel & Esser, New York Blue Print Paper Company, Auto-

mobile Club of America, National Tracing Cloth Company, Corn-

ing Glass Works, Rosenthal Electrical Laboratory, T. A. Wilson

Company, Pennsylvania Wire Glass Company, A. T. Thomas
Company, National Dairy Union, and others among whom are

represented chemists, illuminating engineers and refiners of oils.

Tests are now pending for the following : Bureau of Medicine

& Surgery (Navy Department), United States Public Health

Service, American Writing Paper Company, and Dr. Nelson M.
Black, ophthalmologist.

Owing to the impossibility of handling them within a reason-

able time, it is occasionally necessary to decline to make requested

tests, especially when it appears to us that the results would be of

little interest or value or we are aware that the test can be made
by some commercial laboratory to whom we refer the applicant.

The correspondence of the Bureau presents very cogent evi-

dence of the need of color standards and color specifications.

To enable the Bureau to meet the demands mentioned above,

Congress made a special appropriation for the fiscal year 19 17

and has continued it for 1918. With this fund an investigation of

the subject of Color Standards and Methods of Color Measure-

ments and Specification has been undertaken and is now in prog-

ress. Some account of it will be given in the following para-

graphs.

THE PRESENT STATUS OF COLOR STANDARDS
AND COLOR SPECIFICATIONS.

While the fundamental principles of the subject are fairly

well understood by a few experts who have given particular at-

tention to it, the practice of color specification is in a very un-
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satisfactory and indeed chaotic state. This condition is due to

the following circumstances

:

1. Lack of agreement as to standards, definitions, nomenclature and

methods, even among those experts who are competent to

deal with the subject.

2. The failure of those most vitally interested in the subject from a

practical and commercial point of view to comprehend at all

the fundamental principles involved, i. e., a lack of clear con-

cepts by those most interested.

3. The widespread current use, without standardization, of pseudo

standards, and empiric methods having no definition or even

description other than their maker's or originator's name.

4. The lack of reliable quantitative data on the fundamental phys-

ical, physiological and psychological constants and factors

involved.

5. The lack of well made precision instruments suitable to make
the measurements requisite for color specifications.

Proposals for remedying these conditions will be made in the

present paper.

OUTLINE OF WORK IN PROGRESS AND PLANNED
AT THE BUREAU OF STANDARDS.

The work contemplated at the Bureau of Standards is limited

to that having direct bearing on measurements and methods of

specification. It is thus largely physical. While certain phy-

siological factors must be considered, we do not expect to deal

with the large field of subjective or psychological phenomena, al-

though they have great interest.

The work which the Bureau can do and has already begun can

be considered under two main headings and several sub-headings

as follows

:

I. EXPERIMENTAL WORK.
A. Development of Instruments and Methods for General

Fundamental Work.

B. Determination of Fundamental Data and Bstablishment of

Working Standards.

C. Application of Spectrophotometric and Colorimetric Meth-

ods to Specific Technical Purposes.

D. Routine Tests.
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2. ORGANIZING AND EDUCATIONAL WORK.
A. Co-operation and Discussion with Bxperts Outside the

Bureau for the Purpose of Developing and Establish-

ing Uniform Nomenclature and Standards.

B. Compilation and Co-ordination of Previous Data. Prepa-

ration of Tables, Graphs, etc.

C. The Giving of Information by Correspondence, Confer-

ence and Circulars.

The following paragraphs will explain more fully the activities

just outlined:

I. Expe:rimental Work.

A. Development of Instruments and Methods.—As pointed out

above, the lack of suitably designed and well-constructed instru-

ments as well as the lack of established and recognized methods is

a serious impediment to significant color specifications. (Instru-

ments and methods must perforce be considered together.) It is

not only necessary that instruments and methods be apparently

suitable as judged by casual examination. After methods are

formulated and instruments constructed, a vast amount of testing

and counterchecking must be carried out to verify the validity of

results and give confidence in them. The Bureau is undertaking

this work in a thorough-going, painstaking way in the hope of

eventually overcoming the uncertainty and confusion that has

been introduced by the commercial use of methods and instru-

ments having no secure foundation. The attention given to the

development and testing of fundamental methods and instru-

ments is noted under the following sections (a) and (b).

(a) The improvement, counterchecking and standardization

of spectrophotometric determinations : Of whatever value so-

called "colorimeters" may be in special cases, it must be admitted

that the fundamental basis of color specification is spectrophoto-

metry. "A spectrophotometric table, derived from at least 25

points (for a continuous spectrum), gives the only unique descrip-

tion of a color, and it appears probable to the writer that the re-

quirements of precision technical color measurement are most

likely to be met by the development of simple and rapid means

of plotting and recording accurate spectrum plots of reflection or

transmission characteristics."^

' H. E. Ives, Jour. Franklin Inst., Dec, i9i5» P- 7oo.
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For a number of years the most of our routine spectrophoto-

metric work has been done on a Konig-Martens spectrophoto-

meter. By the use of specially designed record forms and slide-

rules, its use has been greatly simplified, and rendered convenient

and rapid.

Considerable checking of the reproducibility and accuracy of re-

sults has been done and is in progress. During the past year, test

specimens of various colors of glass have been carefully prepared

and measured on the Konig-Martens instrument at the Bureau.

Through the courtesy of the Physics Department of Cornell Uni-

versity, these same specimens have been again measured by K. S.

Gibson of the Bureau of Standards on the L,ummer-Brodhun

spectrophotometer at Cornell and their transmissions for blue,

violet and ultra-violet also determined by a photographic method

(Hilger sector apparatus). This procedure makes possible the

detection of small errors and gives much more confidence in final

results. Such counter-checking of results will be continued and

elaborated, and reports published later.

Apparatus is being installed for spectrophotometry by another

independent method using the photo-electric effect.

(b) Design, construction and testing of the practical utility of

"colorimeters" including the monochromatic, trichromatic and

rotatory dispersion types : Notwithstanding their obvious short-

comings, a thorough-going investigation of the above types of in-

struments is of great interest for the purpose of determining

their practical utility for certain purposes.

A monochromatic colorimeter was designed at the Bureau by P.

G. Nutting in 1911.^ An improved model of this was later made

by Hilger after Nutting's designs and the Bureau has recently

obtained one of these instruments which will be studied in regard

to reproducibility of results and applicability to practical prob-

lems. Another type of monochromatic colorimeter after a de-

sign by Priest,* has been partly constructed in the Bureau instru-

ment shop.

In 1908 the Bureau made very extensive tests of the Ives

trichromatic colorimeter,^ but found the results lacking in the

^ Bureau of Standards Sci. Paper 187.

*Jour. Wash. Acad, of Sci., Vol. VI, Feb. 4, 1916, p. 74.

'' F. E. Ives, Jour. Franklin Inst., 164, 1907, P- 421.



PRIEST: WORK OF BUREAU OF STANDARDS 43

reproducibility and accuracy requisite for precision technical

specifications. This probably is partly due to the essential limi-

tations of the method as pointed out by H. E. Ives,^ and to a

lack of a standardized illumination and method of use; but the

erratic results are also partly due to the faulty mechanical de-

sign and construction of the instrument. A trichromatic color-

screen instrument of mechanical and optical design radically dif-

ferent from the Ives instrument is now being built at the Bureau.

It is hoped with this instrument to test thoroughly the possibilities

of the trichromatic screen method.

The Bureau has made rather extensive tests of the Arons Rota-

tory Dispersion Chromoscope^ and apparatus on the same prin-

ciple made in the Bureau shop. The essential feature of this

instrument is that the color being tested is color-matched by light

passing through a quartz plate between nicol prisms. By chang-

ing the thickness of quartz and rotating one of the prisms the

color can be adjusted. With two such quartz-nicol systems in

series, Arons found that any color could be matched; and it is

possible to compute, from the instrument readings, the spectral

transmission of the system.^ Data upon the reproducibility and

precision of readings with this instrument and on the personal

equation have been reported to the Society of Cotton Products

Analysts.^

B. Determination of Fundamental Data and Bstahlishment of

Working Standards.—The fundamental data required in colori-

metry fall in two classes, viz:

(a) Physical data, such as the relative spectral distribution

of power in various light sources, and the spectral transmission

and reflection of various materials.

(6) Physiological data such as the visibility of radiation and the

sensibilities to hue, brightness and purity differences.

(a) Physical data: Data on the spectral distribution of a

standard reproducible source have already been obtained at the

Bureau by Coblentz^^ independent of their interest in the present

* Jour. Franklin Inst., Dec, 1915, pp. 699-700.

''Ann. der Phy. (4), Vol. 39, 1912, p. 545-

•Priest, Phy. Rev. (2), Vol. 10, 1917, p. 208.

"Priest, Proc. Soc. of Cotton Products Analysts, Fifth Annual Convention, 1914,

p. 24. (There are several serious misprints.)

" Bureau of Standards Bull. 13, p. 363.
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case. Our working standards are referred to this by direct color-

matching, spectrophotometric determination, or color-matching by

the rotatory dispersion method.^^

Although considerable data on the color of "average daylight"

may be found in the literature, we propose to obtain more data

on this by the spectrophotometric and rotatory dispersion methods

on which to base a definition for a standard artificial daylight.

There are on the market several combinations of lamps and

colored glasses intended to give "artificial daylight." These have

been developed by different experts on the basis of somewhat
different definitions of "daylight." It is important that these be

intercompared and that a standard "artificial daylight" be adopted.

An investigation of these "artificial daylights" is now in progress

at the Bureau.

An original method of producing "artificial daylight" has also

been devised at the Bureau and developed theoretically and ex-

perimentally. It has been found by theoretical computation that

the spectral distribution of daylight can be approximately matched

by light from an artificial source modified by transmission

through a quartz plate between nicol prisms. The constants for

such apparatus have been determined theoretically, and the color-

match verified experimentally. A paper on this subject is in pre-

paration for publication.

Various colored salts and other substances in solution have

some value as working standards of color. It is important that

substances used for this purpose have their spectral transmis-

sions accurately determined. During the past year the spectral

transmissions of a number of such solutions proposed as color

standards by Professor H. V. Arny and submitted by him have

been determined. A few other solutions have been examined and

it is planned to extend this investigation to include as many as

possible reproducible colored solutions of known purity and con-

centration. While there exist considerable previous data on this

subject, they are largely qualitative or only crudely quantitative.

The purpose of the present investigation is to obtain quantitative

data of the highest possible accuracy.

Colored glasses have been considerably used as standards in

color specifications. Notable among these are the L<ovibond

"Priest, Phy. Rev. (2), Vol. 10, pp. 208-212.
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glasses. At the request of the Society of Cotton Products An-
alysts, the Bureau in 19 13 made an investigation of the uniformity

of these glasses, which disclosed considerable discrepancies.^^

Colored glasses are, however, important as working standards

of color. An extensive collection of colored glasses of standard

manufacture is being made. The specimens are carefully pre-

pared, marked, and filed in a systematic way. Their spectral

transmissions are also being carefully determined by different

methods and filed so as to be available for ready reference. It is

intended to continually extend and augment this collection of

glasses and data.

(b) Physiological data: Data on the visibility of radiation

by Konig, Ives, Nutting and Coblentz are already available.^^

Data on sensibility to hue difference have been obtained by

many investigators,^* but more data are needed to establish the

curve of the average eye. We hope to contribute some of this,

referring as far as possible to the same subjects for which the

visibility has been determined by Coblentz. It is also planned

to correlate such data with the results of practical methods of

color blindness diagnosis.

Few data are available on sensibility to purity differences and

while no work on this has been begun here, it is realized that the

want must eventually be satisfied.

The sensibility to brightness differences is fairly well known^^

but it will probably be desirable to redetermine this by the method

of mean errors as recommended by Nutting.^^

C. Application of Spectrophotometric and Colorimetric Methods

to Specific Technical Problems.—The end and purpose of the

Color Standards Investigation is to provide standard methods and

"Priest, Proc. Soc. Cotton Products Analysts, 4th Annual Convention, 1913, p. 6.

^^Phil Mag., Dec, 1912, p. 853.

Trans. I. E. S., Vol. 9, 1914, p. 633.

Phy. Rev. (2), Vol. 9, p. 88, and Bureau of Standards Sci. Paper 303.
" Mandelstanim, Graefe's Archiv., Vol. 13, Abt. i, p. 399.

Dolrowlsky, Graefe's Archiv., Vol. 18, Abt. i, p. 66.

Petrce, Am. Jour, of Sci., Vol. 126, p. 301.

Konig and Dieterici, Wied. Ann., Vol. 22, p. 579.

Konig, Verh. der Physiol. Ges., Berlin, 1885-6, No. 17.

Uhtoff, Graefe's Archiv., Vol. 34, Abt. 4, p. i.

Steindler, Wien. Sitz, Vol. 115, 2A, p. 39.

Jones, Jour. Franklin Inst., Vol. 183, p. 500.

"Konig and Brodhun, Sitz. A. W., Berlin, July 26, 1888.

" Outlines of Applied Optics, p. 124.
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apparatus needed to make color specifications possible in science,

industry and trade. It would be useless to enumerate the appli-

cations that may be required or contemplated; but it is thought

that brief mention of those that have been dealt with or are now
pending may be of interest.

(a) Specification of the saturation of yellow tints in butter

and oleomargarine: Frequent and persistent demands have

been made on the Bureau to draft a form of specification which

would be suitable to define rigorously in law a limiting value of

what, in common parlance, may be called the "color," the "depth

of color" the "strength of color" or the "yellowness" of butter

and oleomargarine. In response to this demand, methods have

been developed and definitely formulated; and a report on this

subject has been published.^^

(b) The photometry of lights of different colors and the

specification of their colors : The determination of the relative

candlepowers of lights of different colors is one of the most dif-

ficult problems of photometry, while the convenient specification

of the color of a light is the fundamental problem of color speci-

fication. The rotatory dispersion method which greatly facilitates

the solution of both of these problems has been developed and

tested.^^

(c) Examination of glasses intended to protect the eye from

harmful radiation : There are on the market a number of glasses

recommended to protect the eyes. At the request of the American

Medical Association, we have undertaken to determine, incident

to the Color Standards Investigation, the spectral transmissions

of a considerable number of these glasses in the visible and ultra-

violet.^® A great deal of this work has been done and a report

will probably be published during the coming year.

(d) Color grading of cottonseed oil: Cottonseed oil is com-

mercially graded by its color. At the request of the Society of

Cotton Products Analysts, the Bureau has co-operated with them

in investigating their standards, determining the spectral trans-

" Priest and Peters, Bureau of Standards Tech. Paper No. 92.

"Priest, Phy. Rev. (2), Vol. 6, p. 64.

Phy. Rev. (2), Vol. 9, p. 341 (for erratum see p. 580).

Phy. Rev. (2), Vol. 10, p. 208.

" Some infra-red transmissions of such glasses have already been published.

Coblentz, Bureau of Standards Tech. Paper No. 93.
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mission of numerous oil samples and testing methods of color-

grading. vSeveral reports have been made but the investigation

is still continued.

(e) Transparency of paper and tracing cloth : To meet the de-

mands of purchasers and manufacturers, a standard method for

grading the transparency of paper and tracing cloth has been

formulated and published.^"

D. Tests.—As mentioned in the introduction to this paper, con-

siderable time is given to spectrophotometric and colorimetric

tests. While the Bureau will attempt, so far as time permits, to

be of service in making important tests of this nature which can

not be satisfactorily done by commercial laboratories, the general

policy will be not to undertake tests that can be satisfactorily

done elsewhere.

2. Organizing and EducationaIv Work.

A. Cooperation and Discussion with Outside Experts.—As
pointed out above, the lack of established uniform nomenclature

and recognized standards is a serious impediment to color specifi-

cations. Before attempting to inform and educate the non-expert,

it is necessary that some conventions be agreed upon by the ex-

perts who have given special attention to this subject. An import-

ant feature of the work planned by the Bureau is the bringing

about of such agreement. Probably the most direct and effective

way to take this up is through the Illuminating Engineering So-

ciety. Several months ago-^ the author pointed out the desira-

bility of the Society having a Committee on Color. The Council,

however, thought best to postpone action on this until after the

present convention.

Such a committee could be of service by proceeding at once

to formulate (in consultation with the Committee on Nomencla-

ture and Standards) definitions for such terms as *'white-light/'

''daylight," hue, purity, brightness, saturation, etc., and selecting

definite unique terms to name the three color coordinates and

their physical correlatives. The author has made some survey

of the literature to determine the best usage of such terms and

would be pleased to have certain proposals considered by such a

" Bureau of Standards Circular No. 63.

" IvCtter of January 10, 19 17, to the President, I. E). S.

5
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committee before establishing usage in Bureau Circulars and other

publications.^^

B. Compilation and Coordination of Previous Data. Prepara-

tion of Tables, Graphs, etc.—The introduction of uniform stand-

ards and methods presupposes the consideration and coordina-

tion of data from various sources. We are undertaking this task

of compilation and coordination. Various data on the spectral

distribution of sources, the visibility of radiation, hue-sensibihty,

and proposed "artificial daylights" have been collected and plotted

to a uniform scale so as to be directly and immediately com-

parable. Usages of color names and terms by various authorities

have been tabulated. The theoretical spectral distribution of a

perfect radiator at many different temperatures as given by the

formulas of Wien and Planck have been computed and plotted

using most recent data for the constants. Such data will later find

their place in a Bureau Circular. In the meantime they can be

supplied individually to anyone having especial interest in them.

Colorimeters of the rotatory dispersion type have much to

recommend them in the way of convenience and simplicity of ob-

servation ; but the interpretation of the results in terms of spectral

distribution or color theory is very tedious and complex. We ex-

pect to simplify this matter by the preparation of permanent

reference tables and curves ; and much of the computation for this

purpose has been completed during the past year. About 600

curves giving the spectral transmission for various thicknesses of

quartz and various angles between the principal planes of the

nicols have been computed and plotted.

Complete tables to facilitate the determination of candlepowers

of lights of different colors by the rotatory dispersion method as

proposed by Priest have been prepared and published. ^^

In some photometric and colorimetric work, the computations

require frequent use of the square of the sine of an observed

angle read in degrees and hundredths of a degree. There being

^2 The author is now preparing a paper on "A Proposed Basic Nomenclature for

Use in Colorimetry." It was not possible to include this matter in the present paper;

but the forthcoming paper may be considered as supplementing and extending the

present one.

2^ McNicholas, Filgate and Cole, Phy. Rev. (2), Vol. 10, p. 213.
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no tables of this kind of sufficient accuracy available, a set has

been computed as follows

:

0° to 10° at intervals of 0.02° to six decimal places.

10° to 80° at intervals of 0.02° to four decimal places.

80° to 90° at intervals of 0.1° to four decimal places.

The computation and copying of these tables have been carefully

checked and photographic copies made for current use in the

laboratory. They will possibly be published later. In the mean-

time a limited number of photographic copies may be supplied to

those in need of such tables.

Less extensive tables of the fourth power of the sine and the

square of the tangent have also been prepared.

C. The Giving of Information.—The demand on the Bureau

for information and advice has been noted above. A great deal

of time is spent in attending to such correspondence. As soon as

the subject is sufficiently developed a circular will be published

containing information covering many such inquiries. However,

the time is not yet ripe for such a circular. It is very desirable

that a more general agreement on standards, nomenclature and

methods be obtained before its preparation. As stated above, the

Bureau would appreciate the co-operation of the Illuminating En-

gineering Society in bringing about such an agreement.
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PART VI.

SOME EXPERIMENTS ON THE EYE WITH DIFFER-
ENT ILLUMINANTS—PART I.

BY C. E. FERREE AND G. RAND.

Synopsis: In previous papers a study has been made of the effect on

the eye of differences in the way in which the light is dehvered to it from

a given type of illuminant. In the work of the present papers, I and II,

a series of tests is begun on the effect of the illuminant itself. Eleven of

the more common illuminants are used with the same conditions of instal-

lation, shading, etc., and a correlation is made between the lighting effects

obtained and the power to sustain clear and comfortable seeing.

INTRODUCTION.

The belief seems to prevail among laymen and not a fev^ tech-

nical and medical men that the kerosene flame as a source of

light possesses advantages for the eye not had by other il-

luminants, more particularly the incandescent solids. At one

of the earlier meetings of the American Medical Association's

Sub-committee on the Hygiene of the Eye, the belief w^as ex-

pressed and quite favorably received that of all of the common
illuminants the kerosene flame gives the best light for the eye

and that it should be taken as our model for hygienic lighting.

In the Transactions of 1913, an eminent ophthalmologist v^rites

:

"It has been shown by experiment that the light which gives the

maximum of illumination with the minimum of irritation to the

eye is composed of the yellowish rays of the middle of the spec-

trum. For this reason the old fashioned candle and kerosene

lamp have never gone entirely out of fashion." In a more recent

article in the Transactions (1915, Vol. X, pp. 1027-1033) we
find a section on ''Simulating Old Illuminants," and in the last

paper read before the Philadelphia section of the Society a grow-

ing sentiment for the older illuminants was noted.^ Leaving out

of consideration the many things that have been said in popular

and semi-technical publications on the effect of the eye of the

^ See also Electrical Review and Western Electrician, July 24, 1915, p. 161.
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color value of light, of which subject we do not wish to make

a special point prior to experimentation, these are only a few

of the more familiar statements of opinion that may be cited in

evidence that there is a need for testing the effect on the eye of

the light of the older illuminants (more especially the kerosene

flame) as compared with the more modern illuminants, with the

intensity, conditions of shading, installation and use, etc., the

same in each case.

Two divisions may be made of this comparison: (a) with the

illuminants compared used for the purpose of general illumination,

and (b) with these illuminants adapted to local, reading table, or

desk lighting. In the first of these cases differences in result

would perhaps be more apt to occur because of the greater num-
ber and complexity of the factors present and the greater differ-

ence in difficulty in protecting the eye from unfavorable condi-

tions relating to a set of factors which we have hitherto called

the distribution factors. It is quite probable also that a com-

parative rating of illuminants made on the basis of local lighting

in which case it is not difficult, for example, to eliminate high

brilliancies from the field of view, will not hold for general light-

ing in which case the chief difficulty seems to be to protect the

eye from high brilliancies. Because, however, of the greater

difficulty in getting comparable installations for general lighting

we have chosen to make the first series of tests with local light-

ing given by a single unit, a one-burner student lamp of the

standard type with modifications suitable for the different illumi-

nants employed. We have been led to choose this particular type

of unit in part because the belief in the superiority of the kero-

sene flame for the eye is in the minds of those we have ques-

tioned associated largely with the lighting effects given by the

student lamp ; and in part because this lamp is well adapted to the

control of conditions under which we wish the first series of

tests to be made.

CONDITIONS TESTED.

Two series of experiments were conducted. In the first series

the illuminants tested were a kerosene flame; a 50-watt, clear,

metallized filament (Gem) carbon lamp; a 15-watt "mazda, type
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B"* tungsten lamp (round bulb) ; a 60-watt "mazda, type B"*

lamp; a 75-watt "mazda, type C"* lamp, and a 75 watt "mazda,

type C2"*, lamp. The kerosene flame (Lusterlite kerosene)

was burned at a height of 3 in. (7.6 cm.) and had a hori-

zontal candlepower of 15.8. For the sake of comparison with the

kerosene flame it might have been desirable to have conducted the

tests with the other illuminants equal to it photometrically, or

approximately so, as well as with an equally illuminated reading

page and test object. This was, of course, impracticable in case

of the *'mazda, type C"* lamps. For this reason two "mazda,

type B"* lamps were used—one as nearly as possible equal

in candlepower to the kerosene flame, the other to the two

"type C" lamps. In choosing the sources care was taken also

to have them all as nearly as possible of the same size or

to have a check condition on this factor analogous to that

described above; and to adjust the position of the lamp so

as to sustain approximately the same relation to the shade. The

bottom of the shade was, for example, in each case 2.5 cm. below

the center of the luminous source. The lamp was placed behind

and to the left of the observer in the position that was judged by

several observers to give the most favorable conditions for read-

ing. This position may be roughly specified as follows. The

angle with the median plane of the observer made by a plane

passing vertically through the center of the unit was approxi-

mately 21° ; and the line in the latter plane connecting the bottom

of the shade with the center of the reading page formed an angle

of approximately 38.5° with the horizontal plane passing through

the center of the reading page. The reading page was supported

by a rack fastened to the upright to which was attached the

mouth-board used by the observer in taking the 3-minute record

before and after work. This rack was inclined at an angle of

approximately 30° with the vertical. To insure that the same

amount of light fell on the reading page in each case, the bright-

ness of the page was measured before and after work by means

of a Sharp-Millar illuminometer with the test plate removed and

calibrated to give readings directly in candlepower per square

inch. The changes needed to give equality of illumination on the

•Trade Definitions: Gas-filled, daylight (blue) glass incandescent lamp

—

Mazda C-2.

Gas-filled, clear glass incandescent lamp—Mazda C.

Vacuum, clear glass incandescent lamp

—

Mazda B.
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reading page were made by changing the distance of the lamp

from the page. These changes in case of the first three illumi-

nants were very small. For the remainder owing to the greater

difference in the candlepower of the lights used, the equalization

required that a greater difference in the distance of the lamp

from the reading page be employed. This meant a slightly greater

difference in the amount of general illumination given and a

slightly greater difference in the brightness of the surroundings.

That is, the lamps of higher candlepow^er placed at a greater

distance from the reading page illuminated a larger field than

the lamps of lower candlepower. In making these changes of

distance care was taken to keep the angle at which the light fell

on the page in all cases the same. Some difficulty was given also

by the difference in the length of the lamps employed. For ex-

ample, the long stems of the "type C" lamps made it necessary

that the shade be raised if the filaments were to have approxi-

mately the same position in the shade as were had by the kerosene

flame and the filaments of the shorter lamps. To take care of the

needed adjustment in the height of the shade an extension shade

holder was used.

Owing to the angle of direction of the light and the distance

of the lamp, the test object had to be illuminated from a separate

source. For this a "mazda, type B" lamp and an Ivanhoe-

Regent steel reflector of the intensive type, aluminum lined,

were used, placed in front and to one side of the test ob-

ject at the distance and angle needed to give the required illumi-

nation. In order that the test object alone should be illuminated

and not the surrounding wall, objects, etc., the opening of the

reflector was covered and an oblong aperture was cut of the size

and shape needed to give the cross section of light desired. The
position of this aperture in the opening of the reflector was chosen

with reference to giving the most even illumination of the test

object. That is, the light was not taken directly from the lamp

but from the most favorable part of the inner surface of the

reflector. The test object was made to match the reading page

both in brightness and color value. The match in color value

was secured by means of thin gelatine filters covering all or a

part of the aperture. If only a part of the aperture was covered,

the filter was used as a diaphragm with an opening similar in shape
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to the original aperture. There was, for example, enough differ-

ence in the color value of the illuminants that w^ithout this match

a colored after effect was given distinctly different from the read-

ing page. This would have necessitated that the final 3-minute

record be taken in part at least with a test object having a colora-

tion complementary to the reading page, which would not have

been compatible with the purpose of the test. Before beginning

each test of the series, the eye was allowed the customary adap-

tation period without work under the illumination to be tested.

The choice of the length of adaptation period was empirical, based

on a series of acuity tests, the object being to determine a period

the prolongation of which gave no further change in acuity.

In the first series of tests with the illuminants mentioned above,

the ordinary green shade of the student lamp was used. How-

ever, as the work progressed, the results seemed to indicate more

and more clearly that difference in color value must be added to

the list of factors which are considered to affect the power of

the eye to sustain clear seeing for a period of work. In fact as

the tests were conducted, color value was the only variable of

any magnitude present from series to series. In any event it was

considered advisable to repeat the tests with the color value

proper to the illuminant, unmodified by the light which filtered

through the shade, even though the position of the lamp was such

that a very small part of the light which fell on the reading page

was of this origin. From this time on, therefore, an opaque

shade of the same size and design and with a neutral lining was

substituted for the green shade. The results for the neutral

shade only will be given in this paper.-

The reading page illuminated by the different light sources, had

the following color values : the *'mazda, type B" lamp, an unsat-

urated reddish yellow ; the kerosene flame, reddish yellow with a

greater proportion of red and more saturated; the carbon lamp,

reddish yellow with less red than the kerosene flame and more

than the "type B" lamp; the "type C" lamp, unsaturated yellow,

nearly white ; and the incandescent "type C2" lamp, notice-

ably bluish. These estimates of color value are based in part on

' In case of the illuminants used no significant difference in result between the

green and the neutral shade was found. However, as a precautionary measure, it

was considered best to use the neutral shade throughout.



£^
!)-

rME^ ^^^9^HHi

k H^^lH
Fig. 2.—Test room.





FERREE AND rand: EXPERIMENTS ON THE EYE 55

a direct comparison, part on the filters that had to be used to make

the color match between the test object illuminated by the "mazda,

type B" lamp and the reading page lighted by the illuminant to

be tested. We have not as yet made a standard colorimetric or

spectrophotometric determination.

The tests were conducted in a room i6 ft. 6 in. (5.03 m.) long,

II ft. 9 in. (3.58 m.) wide and 9 ft. 6 in. (2.98 m.) high. A
photograph of the room with an observer, lamp and recording ap-

paratus in position are shown in Fig. 2. The recording apparatus

and the fixtures for lighting the test object are, it will be noted,

screened from the observer's view.

In the selection and use of observers for all of our work care

has been exercised in the first place to choose only those who had

already shown a satisfactory degree of precision in other work

in physiological optics and whose clinic record showed no un-

corrected eye defects of consequence. All have been under 30

years of age. Before being allowed to take part in the actual

work of testing, each observer was trained to a satisfactory de-

gree of precision in the 3-minute records under a given lighting

condition and in the three hour test under several conditions. In

the actual work of testing the results were compiled from a

number of observations and the precision was checked up by the

size of the mean variation. No results were accepted as sig-

nificant unless the variation produced by changing the condition

to be tested was largely in excess of the mean error or mean
variation of each condition tested. This, the accepted check on

the influence of variable extraneous factors in work of this kind,

was carefully applied at each step in the work. A fuller state-

ment of the precautions that have been used in this and previous

work to secure reproducibility of results has been given in various

places in preceding papers (see especially Transactions, 1915, X,

pp. 1122-1130).^

^ The data given in this paper were obtained from the observer whose results

have been given in the six preceding papers on the effect of different conditions of
lighting on the eye. In case of the present paper we have not been able as yet, for
lack of time, to check up the results with those of other trained observers. We have,
however, in the work on the distribution factors always found the results of this

observer to be typical of the group of observers used. Whether or not this will be
the case for work in which the distribution factors are not the sole or principal
variable, remains yet to be determined. In this regard it is perhaps only fair to

( Continued onfollowing page. )
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The results for the effect on the eye are given in Table I. The
values given in this table are averaged in each case from the

results of a number of three hour tests. In order to show the

reproducibility of the results obtained and to determine whether

the variations produced by the changes in lighting effects are

safely in excess of the variations in the test itself, subject to all

of the variable factors which may influence it, the mean variation

from the average result has been computed in each case. The
value of these in per cent, is given in columns 12 and 13 in Table

I. This value has been estimated in two ways. In column 13 it

is based on the result sought, namely, the mean value of the drop

in ratio of time seen clear to time seen blurred. Computed in

this way the results indicate whether or not each individual de-

termination has been made with an acceptable degree of precision

as compared with other work of its class. In column 12 it is

based on 3.5, the value of the ratio time clear to time blurred

which has been chosen empirically as the standard of performance

of the eye in the 3-minute record before work. Computed in this

way the results appear in a form from which it can readily be de-

termined whether or not the work has been done with a degree of

precision which is acceptable for the comparative work which is

the special purpose of these experiments. That is, to be accep-

table in this regard, the variations of the drop in ratio caused by

changing the conditions to be tested, must in each case be safely

in excess of the mean variation. To make this comparison con-

venient, the drop in ratio and the mean variation have both been

estimated in per cent, on the same base, 3.5.

say that the characteristics of response of the eyes for which these results are given,

have been very widely investigated. They have been chosen especially for their

normality and practiced precision of behavior and have been used in these experi-

ments under conditions of control based on a very unusual and widely tested

knowledge of the factors which influence their steadiness of response. Data on their

characteristics of response may be found in more than forty articles. Their spectrum

luminosity curve, for example, agrees very closely with the average curve obtained

by Nutting for 21 observers. (See Ferree and Rand: The Selectiveness of the

Achromatic Response of the Eye to Wave-length and Its Change with Change of

Intensity of Light, Studies in Psychology, Titchener Commemorative Volume, Brandow
Publishing Co., Albany, N. Y., 1917.) At date of going to press check experiments are

being conducted on other trained observers.
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MAZDA UMP TYPE C-.
MAZDA LAMPtrYPEB,60W;';
MAZDA LAMPTYPE B.I5W;

CARBON LAMP (METALLIZED FILAMENl);

;

KEROSENE FLAME-

MAZDA LAMP TYPE CZ-

2 3
Fig. 3.—Showing tendency of different illuminants used to cause loss of visual efficiency.

In Fig. 3 a graphic representation is made of the results of

Table I.* In constructing this chart the total length of the test

* A comparison of this chart with those of the preceding papers shows that the

order of magnitude of loss in power to sustain clear seeing for the kerosene flame

and the type B Mazda lamp (student lamp unit) was about the same as for the best

of the opaque inverted reflectors (Mazda type B lamp); and for the type C true

tint Mazda lamp, as for the best of the translucent inverted reflectors. The effect

for the type C Mazda lamp was slightly better than for the best of the opaque

inverted reflectors.
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period is plotted along the abscissa and the ratio of the time the

test object is seen clear to the time it is seen blurred is plotted

along the ordinate. Each one of the large squares along the

abscissa represents one hour of the test period; and along the

ordinate, an integer of the ratio.

In former papers another method of evaluating the results of

the test was employed in addition to the one used above. In this

method the ratio of the time seen clear to the total time of the

observation is taken as the measure of the eye's ability to sustain

clear seeing at the time the test was taken. For the sake of

again comparing this method of evaluation with the one used

above, a chart has been prepared (omitted from this paper because

of lack of space) in which the ratio of time clear to total time

of observation is plotted against length of test period. A com-

parison of this chart with that given in Fig. 2 shows the same

order of rating of the illuminants, but a slight difference in the

position in the scale given to some of them. For the purpose of

discovering what is the best way of treating the results of the

tests, several methods have been employed. Up to and including

the present paper, however, only three of them have been given

in print : ratio of time clear to time blurred, ratio of time clear to

total time of observation, and the per cent, drop in the ratio time

clear to time blurred. An ultimate decision with regard to what

is the best method of treating the results has not yet been reached

and for the purposes of this work is perhaps not necessary. From
the data given any one of them may be used.

As formerly the work was concluded by determining for the

different illuminants used the relative tendencies to produce ocular

discomfort with the eye at work. A description of how the de-

terminations were made and a discussion of the method that was

used has been given in a previous paper. The results are shown
in Table II. In this table are given also for the sake of com-

parison results expressing the tendency of each type of illuminant

to cause loss of ability to sustain clear seeing.
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DISCUSSIONS.

Wm. J. Se:rrili. : In reading the literature of color in illumina-

tion one is impressed with a tendency to confuse color in nature

and in art, as a spiritual quality of significant value in human
life, with color in illumination or colored light. Of the value

of the former, no demonstration is needed; of the latter, it is

doubtful if there is a large field, apart from special processes or

purposes.

Man's appreciation of color is of immense spiritual and emo-

tional value, and there is reason to believe that its development is

by no means complete. Mr. Gladstone, in his Studies on Homer,

(see the interesting chapter on Homer's Perception and Use of

Color) shows that there is ground for the belief that, when the

Homeric poems were written, the sense of color values was

crude, even in persons so highly civilized as was the author of

those poems. Among the common people it is not improbable

that everything was black or gray or white. Studies in the

coloration of the figures on the pediments and metopes of the

Parthenon indicate that, even at the high tide of Greek civiliza-

tion, vivid colors only were seen. If in twenty-five hundred

years, the color faculty has developed to its present stage,—al-

though still varying widely in different individuals,—what wonder-

ful possibilities may the future contain? The promotion of the

growth of this faculty is, broadly speaking, one of the chief

functions of art. Few tasks are of greater importance, as a

keen appreciation of the infinite shades of color is one of the

precious possessions of life. Color in the landscape, in archi-

tecture and in painting is capable of arousing emotions similar

to those educed by music. Under their influence one sees as

by an "inner light," the poet's

"light that never was on sea or land."

The question is, what part has colored light to play in this

development? I cannot believe that it is destined to be great.

The colors of objects simultaneously in the field of vision, whether

out-of-doors or in-doors, are so various that any conceivable tint

imparted to the light is bound to disturb the relative values of

the different objects so as to produce effects that are startling,

theatrical or bizarre. Even in nature, a brilliant sunset or sun-

rise glow on the landscape is viewed as a beautiful phenomenon,
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the enjoyment of which is partially due to the consciousness that

it is ephemeral. No one would want it to last, or to occur too

frequently. In spite of its beauty, we experience a sense of

relief when finally

"it sinks into the light of common day."

Mr. Luckiesh speaks of painting with light. It is a pretty

fancy, but can it be more? It is sometimes done on the stage,

but has it a legitimate place in the home? If our dining room

has pink walls, would we tolerate a pink light, which would

indeed enhance the pinkishness of the walls, but which would

also impart a pinkish tinge to the table-cloth, napkins, and shirt

fronts, and which would have no one knows what objectionable

effects on ladies' dresses or on the dififerent articles of food?

It is said that colored light may replace pigments. Can we ever

hope to reproduce the effect of an oriental rug by throwing

colored light on a white rug? Is it not evident that interiors

must, generally speaking, be decorated for their effect by daylight,

and that the best we can hope to do by means of artificial light is

to duplicate, as far as possible, the color effects of daylight?

The slightly yellow tinge of the common illuminants is popular

because it very nearly does reproduce, not the cold day-light

thrown from the north sky, but the warm day-light effect that

is produced by direct sunshine coming through the windows into

the room. Prof. Troland's exceedingly interesting and valuable

paper contains significant comment on our preference for a yellow-

ish artificial light. This yellowish light, as is well known, mat-

erially changes the color of many objects. Would we care for

light of other tints, especially if they were so marked as is im-

plied by the phrase "painting with light?"

In the home, anything bordering on the sensational or the

theatrical is recognized as being in bad taste. Persons engaged

in social intercourse, at the dinner table or in the drawing-room

would generally resent the introduction of anything that would

divert their attention from each other, and from their conver-

sation, or, if they engage in card playing, from the game. Any
change in the color of the illumination, no matter how gradually,

or imperceptibly, or "artistically" accomplished would inevitably

produce the effect of a false note in music. Illumination, like

the atmosphere, is a medium, very essential to our comfort, but
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most enjoyed when least noticed; any material change in either

its intensity or color produces an impression as unpleasant as a

corresponding change, say, in the temperature of the atmosphere,

or in its odor. Effects such as Mr. Luckiesh has in mind, while

conceivably possible in highly artistic hands, will be fatally subject

to gross abuse, and if colored light, with facilities for its varia-

tion, ever becomes commercially possible, one may easily imagine

what horrors the future has in store.

Colored light has, of course, a legitimate place before an audi-

ence, where the bizarre, the mysterious, the weird, or the gro-

tesque is sought for, or at a masked ball where colored flood

lighting is sometimes used with great effect to produce similar

sensations. An interesting example of this may be seen in Edgar
Allan Poe's "Masque of the Red Death," with its irregular row
of variously "color-lighted" apartments, filled with grotesquely

garbed figures.

Is there such a thing as color music? Is there any relation

between musical notes and the various tints and shades of color?

It seems doubtful. Until it has been shown that colors arrange

themselves in a definite order, similar to the scale of musical

notes, so that a color rhythm is possible, one must be skeptical.

There are musical compositions, as Chopin's Nocturne, Opus. 37
No. I or Grieg's Death of Aase in Peer Gynt, in which a suc-

cession of distinct chords, slowly and regularly repeated, ex-

presses deep feeling, and arouses profound emotion. Can one

imagine a gathering of persons, seated in darkness and in silence

before a white, or blank screen, similarly affected by a succession

of colors on the screen? Is there a language based on color

variation by which feelings or emotions may be communicated?

Possibly so, but it has yet to be demonstrated.

M. Luckie:sh : I feel that Mr. Serrill has not quite under-

stood my meaning in "painting with light." This conception of

the aim of lighting, artistically and psychologically, has arisen

from my studies of lighting from the standpoint of effect. Light-

ing consideration too generally stops at the fixtures or on the

workplane. After all, our impression of lighting is due to that

which we see and we see effect. For this reason I have contended

that decoration and many esthetic principles are closely related

6
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to lighting and commend the idea of painting with Hght by means

of certain distributions of Hght, shade and color (as obtained

from light) in the scenes before us. This is just what is being

done when we think of effect but to summarize lighting as paint-

ing with light brings to many a new conception of the effects

and possibilities of lighting.

C. O. Bond: I wish to ask if Miss Irwin is familiar with

the Chinese and Japanese color effects either by direct contact

with those people, or from reading upon the subject, so that

she could inform us whether they had any regular scheme of

producing emotions by means of the colors used on their lanterns.

Not that I wish to contrast the validity of their possible method

with Miss Erwin's, but merely as a matter of interest.

Beatrice Irwin : I have lived in China and Japan and have

studied their arts and have spoken of them in my book, "The

New Science of Color." The Orientals understand and express

the psychology of color not only in their lanterns but in their

embroideries and costumes, in which one finds the greatest in-

tensity and variety of color combined, without any disagreeable

effect. Why? Because they knew how to balance color in har-

monic values, and the relations of colors to each other.

M. G. Leoyd: I want to ask Miss Irwin if she Will explain

the significance of Fig. 3.

Beatrice Irwin : There are three systems of color, or color

keynotes we may say, that respectively affect the physical, the

mental, and the nervous organisms. Now these are classified in

this chart, in that manner. No. i represents, the physical system,

or the seven beams of color that are keynotes. In each of these

systems there are subdivisions of color. In the physical system

we get as sedatives, lead gray, brownish purple, terra cotta, and

moss green, as recuperatives we find golden brown and turquoise

blue, as stimulant, vermilion. The colors that affect the mental

system or mental activity have been found as follows, olive

green (sedative), recuperatives, rose madder, fawn, royal blue

and emerald green, the stimulants are violet and chrome yellow.
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The color keynotes affecting the nervous system, which I have

called the nervous colors, are moonlight blue, (sedative), re-

cuperatives, orange, flame rose, and the stimulants are, Nile green,

mauve, citron and azure. This chart as I say is based upon the

result of a great deal of experiment with color developed through

vibratory tests.

I note Dr. TroUand's paper. He does not state whether his

experiments were made through the medium of light or color

environments.

WiLUAM A. Durgin: The wide diversity of doctors asso-

ciated in this organization has been especially well brought out

by the range of papers and variety of viewpoints in this dis-

cussion. One large class of membership, however, has hardly

been represented; the central stations and their customers. May
I speak for a moment, then, in the interest of perhaps a million

people in New York, Philadelphia, Boston and Chicago?

Most of these are not at all impressed by a 5 per cent, or 10

per cent, change in fatigue; most of them would be merely

puzzled if you spoke of affective values of color tone, while

neither their incomes nor their imaginations stretch to the con-

sideration of delicate interior decoration schemes. But many of

them do know, or think they know, that under the old kerosene

flame the home was cozier. The light seemed better for read-

ing, sewing, and the other home activities.

These people, entering a room lighted with a warmer yellowish

tone, are enlivened. This is hardly any subtle reaction of the

colored radiation upon the physical self of the observer, but

rather the effect of the colored light upon the appearance of the

room, and particularly upon the appearance of the faces of the

people in it. If the color of the light suppresses the fatigue tones

in the faces, and makes them look refreshed and invigorated; if

the general atmosphere simulates that of earlier firelight and

lampHght evenings; it follows inevitably that you have a better

time while you are in that room.

As one of the previous speakers has suggested, there is nothing

particularly new in this conception, and various movements are

under way to realize the advantages of warmer light in our daily

living. One of these has been undertaken by our sister society,
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the National Electric Light Association. The Lamp Committee of

that body, working through a special Sub-committee on Colored

Bulbs for Incandescent Lamps, has distributed samples of yellow

toned lamps to the four largest Central Stations: Boston,

Philadelphia, Chicago and New York. The tones range from the

carbon lamp color through that of kerosene to a still deeper

yellow. Some seventy people have observed the effect of these

lamps under home conditions, indicating the depth of yellow

which seems to them preferable. A large majority of the ob-

servers have agreed that the kerosene flame color is best.

With this Hmited but still rather representative verdict, the

Committee is now going to the lamp manufacturers with speci-

fications for natural glass which shall realize the kerosene tone.

It is hardly to be expected that such lamps will be in regular

production until more normal manufacturing conditions obtain,

but there seems no doubt that we shall ultimately have such a

lamp widely available. Probably the lamps will not be of the

most aesthetic shade ; the affective value is quite problematical

;

but if we may turn for a moment from the ultra-ideals of art

and science, these lamps will make for a cozier atmosphere in

many homes, and perhaps even a slight improvement in the life

of a few million people may be considered worth while.

M. LucKiKSH : In my introductory paper I have touched upon

various aspects which have been discussed in the other papers

but I would like to record a few other remarks. Prof. Richards

has done well in recording so much in his paper of a subject

which is very extensive but to discuss this subject completely is

quite beyond the limits of a brief paper as Prof. Richards has

stated.

I am quite in accord with Miss Irwin's hopes for the future

of color in a field which she has discussed. I have expressed my
views regarding this field in my paper and elsewhere but would

like to sound a caution. In the first place Miss Irwin appears

to believe that she is dealing with a "new" subject but, in fact,

this aspect of color is perhaps the oldest of all the many aspects

in which man has become interested. The first savage who placed

a red feather in his hair recognized the impressiveness of color

in a slight degree at least. I believe that it is well to experiment
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radically in this direction discussed by Miss Irwin but before

some of her conclusions are generally accepted among scientists

—the discoverers and organizers of facts—more adequate proof

must be submitted. I have contended that no more interesting

and fruitful field is open to the psychologist than that of color.

Dr. Troland has given us a masterful paper and those in-

terested in lighting may expect interesting developments in fields

pertaining to color as capable psychologists are becoming more

interested in this field. This is the most extensive unexplored

unknown in the whole realm of lighting and vision.

Mr. Priest has presented a resume of the standardization neces-

sary in color-science—a plea for which I have sounded many
times in various discussions of the subject and specific investi-

gations which are to be found elsewhere. Our laboratory has

long been engaged in work in lighting, vision, color, photometry,

etc., and we have recognized the necessity for standardization

and analysis in various directions pointed out by Mr. Priest.

There is a growing recognition of the importance of analyses of

colored media, etc., as is evidenced by the many analyses that

we have made for others. Mr. Priest has necessarily limited his

references to much of this work, but they may be obtained readily

by those specifically interested.

Drs. Ferree and Rand have given us another paper of their

interesting series but there is little to discuss from the standpoint

from whch I am specifically interested because as Dr. Ferree

has stated the results are not sufficiently different for the various

illuminants to warrant much discussion. A priori, I would not

expect an illuminant of approximate daylight color to be less

fatiguing than one of a decided tint. Inasmuch as it appears

reasonable to consider that the eye is more adapted to daylight

than to illuminants of pronounced hue I would decide from the

results of Dr. Ferree that the differences in the fatigue-effects

are too small to be determined decisively by any method yet de-

vised for measuring fatigue. It may be of interest to recall the

results of some experiments which I made during a recent winter

upon myself and another subject. Seated in a comfortable posi-

tion in our home we read evening after evening under different

illuminants (deep yellow, carbon lamp, tungsten lamp, artificial

daylight) the sources being behind and above us. The conditions
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were maintained as constant as the circumstances permitted by

adopting various simple expedients such as always facing a plain

wall of a brownish-gray. Our conclusions in regard to fatigue

were that the deep-yellow was most fatiguing of the illuminants

used with the carbon, tungsten and artificial daylight ranking in

regular order with the last one least fatiguing. (Trans. I. E. S.

Vol. 10, 191 5, p. 1015.) These results were quite convincing

to the subjects under the conditions but, of course, it was realized

that the method was one lacking in refinements and controls so

necessary in order to be generally acceptable and convincing.

In regard to Dr. Ferree's introduction I wish to state that

the liking for yellowish or "warm" light has been due chiefly to

esthetic rather than to physiological satisfaction.

In general, it is gratifying to rote the increasing interest in

color in this Society but let us proceed carefully and be sure of

our ground when others are involved. Individually we may do

and like what we please.

Beatrice: Irwin: I am sorry that Mr. Luckiesh objects to

the term "New Science," but as I said in my paper it is based

upon the fact of my specialization in color. In the past we have

had generalizations, but my work aims at specialization and I

claim that red can be a sedative and a recuperative color as well

as a stimulant, by which term only it has been recognized hitherto.

This specialization was challenged by physicians in San Francisco

who attended my lectures at the International Exposition there,

and I was invited to test my claims in the laboratory of Dr.

Abrams by means of two instruments, the energeimeter and the

pneumograph. I took the nine colors, three reds, three greens

and three blues, respectively called sedatives, recuperatives and

stimulants. It was found that the tests justified my classification,

and so it is in connection with this specialization that I apply the

word "new," to my work.

Irwin G. Priest : Mr. Luckiesh speaks of my paper as

"resume." There is perhaps a chance that the use of this word
may cause some misunderstanding. I had no intention of pre-

paring a "resume" of the subject; and would point out that

the title and the opening sentence of my paper are both very
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explicit in limiting its scope. The limits of the paper have per-

mitted only a bare catalog (not description) of our own work
and plans, with no thought of treating the subject more generally

or compiling references. A properly balanced "resume" of the

subject would be a very much larger and, in general, a quite

different paper. A consideration of the avowed scope and pur-

poses of the paper v/ill perhaps save it from criticism which

might be due if it were regarded as a more general "resume."

It seems to me that Mr. Serrill's remarks on certain proposals

for the use of color in lighting are quite well advised and consti-

tute a warning which we will do exceedingly well to consider

and heed.

C. E. FkrrEe:: The subject is new and prior to further ex-

perimentation I hesitate to say more with specific reference to

the results given than I have already said in the foregoing paper.

The following general comments, however, may not be out of

place.

(i) It may not be readily understood why the power to sus-

tain clear and comfortable seeing should be affected by the color

value of the light illuminating the page. At least one factor in

this effect may, I think, be pointed out at this time. The reading of

black letters or other characters on a page which represents any

considerable degree of coloration due to the composition of the

light illuminating the page is a peculiarly baffling experience. There

is an unclearness which is not the blurring of bad focusing nor of

faulty fixating, but which seems to be a matter of the ease or

rather lack of ease with which the details of the retinal picture

are discriminated. Unclearness or difficulty of discrimination

from any cause whatever leads reflexly to muscular effort towards

a corrective readjustment which of course in the case under con-

sideration comes to naught and only induces fatigue. In the

work so far, only a part of which is reported in the foregoing

paper, we have found that in case of a given color the power to

sustain clear and comfortable seeing decreases with increase of

saturation of the color, but that independent of saturation some

colors affect the eye more than others. The worst effects thus

far have been obtained with colors towards the short wave-length

end of the spectrum.
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(2) Some discussion arose on the floor with regard to the

coloration of the page illuminated by the C-2 lamp. In consider-

ing the relation of filters to the saturation or coloredness of the

sensation aroused by the light transmitted, the effect of intensity

of light should be kept in mind. That is, although the composi-

tion or relative proportions of wave-lengths may remain the

same, the coloredness of the sensation aroused (even the hue)

varies with the intensity of the light. For example, in case of

spectrum light, if one starts with intensities which give the maxi-

mum color in sensation, and either increases or decreases the

intensity, the coloredness of the sensation aroused decreases, the

decrease in saturation taking place faster with increase than with

decrease of intensity of light. If the intensity is decreased the

colors lose saturation and at low intensities are seen as grays.

If it is increased the sensations aroused from a point in the

blue green to the short wave-length end of the spectrum decrease

in saturation, in some cases also change slightly in hue, and be-

come white at high intensities; and the colors in the green, the

yellow green, yellow, orange and red parts of the spectrum pass

through yellow towards white. This phenomenon was mentioned

as early as 1823 by Purkinje^ in his original observations on the

change in the saturation, hue and relative brightness of colors

produced by changes in the intensity of light, and may easily be

demonstrated if means are at hand to make the needed changes

in the intensity of the lights employed. Obviously, then, in case

of a given color of bulb and candlepower of source the colored-

^Purkinje. Beobachtungen und Versuch cur Physiologic der Sinne, 1823, I, p.

109. Purkinje's observations cover the following points. (i) The relative differ-

ences in the brightness values of the colors at different intensities. (2) The effect

of change in brightness on the saturation of the colors and the differences in the effect

for the different colors. (3) The changes in hue produced by changes in brightness.

With regaid to this effect on both hue and saturation, the variable brightness com-
ponent may be introduced with equal success, so far as can be determined, as a
brightness after-image, as brightness contrast (physiological induction), by adaptation,
by the admixture of white light, or by changing the intensity of the colored light. In
short, the effect on hue and saturation may be obtained in any of the known ways
in which the brightness or achromatic value of the sensation may be changed.

Since the publication of Purkinje's observations in 1823, a rather extensive
literature has accumulated on the effect on hue and saturation of changes in the
brightness of the color. (Brucke, 1849, 1851, 1865 and 1878; Dove, 1852; Helmholtz,
1852, 1866 and 1885; Aubert, 1862; I^amansky, 1871; von Bezold, 1873; Dobrowolsky,
1876 and 1881; Chodin, 1877; Donders, 1877 and 1881; Rood, 1880 and 1899; Bull,
1 881; Albert, 1882; Fick, 1888; Ebbinghaus, 1889 and 1893; Hegg, 1892; Abney, 1893;
Tonn, 1894; Vogel, 1895; Lane, 1900; Fernald, 1905 and 1908; Revesz, 1907; Ferree
and Rand, 191 1 and 1912; Rand, 1912 and 1913; etc.) In our previous writings on
the subject {Journal of Philosophy Psychology and Scientific Methods, 191 1, VIII,
pp. 294-297; etc.), we have discussed this phenomenon as an effect, in part at least,
of the achromatic upon the chromatic component of excitation, and have attempted
to determine roughly the physiological level at which the action takes place. In this
phenomenon we have apparently one more example of the interactions on each other
of the physiological excitations produced by the light waves.
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ness of the reading page may be expected to vary with the dis-

tance of the page from the source, a decrease in the distance,

for example, increasing the brightness but decreasing the colora-

tion of the page if, prior to the change, that intensity of illumina-

tion which is most favorable to the chromatic response in question

has been reached or exceeded; and a glass showing a certain

selectiveness of absorption will, aside from possible differences

of composition of light, give a different effect on the coloredness

of sensation when used in connection with sources of different

candlepower. This dependence of the saturation and the hue of

the color sensation upon both the composition and intensity of

light is a fact which should be kept in mind in problems such as

are dealt with in the preceding paper. A reading page, or a

surface coated with magnesium oxide, illuminated by a blue bulb

lamp may match in coloration by direct comparison a similar

page or surface illuminated by a given composition and intensity

of daylight and fail to match it in saturation or even exactly in

hue when a different intensity of the artificial light is used. This

fact may underlie some of the difference in opinion that exists

with regard to the comparative coloration of the reading page

when illuminated by daylight and the mazda C-2 lamp. A state-

ment that a match in saturation and hue has been made between

two lights is not complete unless the relative intensities at which

the match was made are also given.

(3) If the degree of coloration of the reading page is a signifi-

cant factor in the power of the eye to discriminate the printed

characters with ease and comfort, as we have good reason to

believe it is, the inadequacy for our purpose of a spectro-photo-

metric specification of the source should from the foregoing con-

siderations be obvious. It should be supplemented by some type

of colorimetric specification of the page itself.

(4) In speaking of his home observations on the comparative

comfort of reading by artificial daylight, mazda, type B, and

carbon lamps, Mr. Luckiesh fails to state how the artificial day-

light was obtained. Our tests have been conducted only with

the mazda C-2 lamp and under the conditions of intensity and

distribution specified. It may be that other existing approxima-

tions of daylight will give a different result. We know nothing,

moreover, of the comparative selectiveness of absorption of the
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reading page in the two cases, nor of the relative intensities of

illumination of the page with the different lights used by him.

The walls of his room, he states, were a brownish gray. This,

depending on the conditions of distribution, might very well

have caused a change in the relative proportions of the blue and

reddish-yellow components of the light falling on the page. The
walls and ceiling of our test room were neutral as to color and

the type of distribution was such that they could not in any event

have influenced to any appreciable extent the light which fell on

the page. The general nature of the judgment upon which his

estimate of comparative comfort was based, he has already noted.

(5) Mr. Luckiesh is quite right in cautioning us that the

problem of lighting is a complex one and that many interests and

factors should be considered. The purpose of this Society, and

I include in this the investigator as well as the producer and

distributor, should be to consider fairly the best interests of

lighting from all points of view. The problem presents many
aspects, and poise is needed lest one's judgment be biased by an

undue enthusiasm for some particular feature or point of view.

It does seem to me, however, that it is wise to distinguish be-

tween lights used for esthetic and decorative purposes, and those

used for reading and working; and to keep this distinction clear

in our teaching and practice. This is, perhaps, Mr. Luckiesh*s

purpose. In this connection it should also be borne in mind that

while small differences in conditions are of comparatively little

consequence to the normal eye, they may mean a great deal to a

sensitive eye or one which is already overstrained.

(6) In our introduction we were careful to specify that many
laymen and certain lighting specialists and ophthalmologists had

contended at different times in a public way that light of the

color value of the older illuminants is best for the eye. The
reference to recent papers in the Society, as was indicated in

the introduction, was merely by way of noting that there is at

present for some reason a growing tendency among lighting en-

gineers and producers to simulate the older illuminants.

(7) As Mr. Luckiesh states, the differences in result are ex-

tremely small as compared with those previously obtained for

differences in shading. Greater differences have been gotten,
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however, in case of illuminants giving greater differences in the

coloration of the reading page.

In the above comments I have purposely and somewhat labori-

ously emphasized the influence of the actual coloration of the

reading page on our power to sustain clear and comfortable

seeing. It is a factor in acuity, more particularly in the power

to sustain acuity, to which as yet little attention has been paid,

(c/. this Transactions, 1913, VIII, p. 144.)

E. F. Kingsbury: I read with much interest Dr. Troland's

paper on the Psychology of Color, especially his discussion of

successive contrast and association as factors in determining color.

I would like to ask the author why we should associate blue

with evening light (especially artificial light) in preference to

the reds and yellows that we, as a race, have been accustomed

to in our artificial illuminants for a very long time ? During sev-

eral thousand years the human eye has been much exposed in

the night to both strong and dim lights that are far yellower

than the sun's, and it would seem they should have some influence

in determining our color associations.

I agree that contrast is a very important factor in some cases

in making the yellow lights yellower and the white or blue ones

bluer than they would otherwise be. However, the general shift

of evening and dimmed lights is toward the blue. Daylights we
call blue; the tungstens, the mantle, the arcs we call white. It

shows that without the assistance of contrast, our judgment of

absolute color is as erratic as that of absolute brightness. Psycho-

logically we cannot differentiate between whites and near whites.

To test the importance of adaptation or successive contrast as

a factor in the blueness of artificial daylight, I illuminated a white

surface with artificial daylight. I then adapted myself to sun-

light and looked at the white surface. Of course it looked blue

and according to the decay of adaptation it should look at least

some blue for a long time. However, I then held a blue glass

before one eye for a few seconds. The blue artificial daylight

immediately turned white or yellowish, depending upon the time

and intensity of the exposure, though with the unexposed eye

the surface still looked bluish. This white or yellow, however,

quickly turned back to the original blueness in spite of the law
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of adaptation that should have prevented it if it had been an

important factor, and the true asymptote was a white. The
easy destruction of the bluishness by the blue glass, a raise in

intensity, or field limitation would seem to be against association.

It should not be forgotten that the eye with unlimited field and

range of pupil adaptation is in the best condition for the Purkinje

phenomenon to have its influence. Even in bright moonlight

which seems so blue we are well above its threshold, while under

the ordinary intensities of artificial illumination, it is prominent.

At these latter intensities where we do our heterochromatic pho-

tometry the field has to be restricted to avoid it. In evening light

outside we are oscillating on the threshold of the Purkinje

phenomenon. I cannot see, in view of this, how we can ordin-

arily expect a white to remain so a? the illumination is lowered,

without specifying the conditions as rigidly as in heterochromatic

photometry.

I do not believe there is only one temperature at which a black

body will appear strictly white. The diversity of lights we now
call white indicates that there is a range of perhaps several

thousand degrees in which only the conditions have to be right

for it to look white. We say a black body or a near black body

is at "white heat" when it is as low as I500°C. and it really

does look white.

The author lays considerable stress on Hering's observation

that sunlight is yellowish because when it is dimmed it turns

blue. If a light that looks perfectly white but is bluer than sun-

light is dimmed, it will also turn bluish.

Is it not being assumed that the blue from dimming is due

to contrast with a real yellow, whereas it must first be proven

that the blue is not a real and permanent one because if it is

stable, then we might easily expect the sun to be yellow by con-

trast when it is really white? The blue glass experiment, men-

tioned above, performed with a dim bluish sunlight shows it is

a permanent blue.

I. G. Priest: It seems to me that the point of view adopted

toward the definition of "color" in the introductory paragraphs

of Dr. Troland's interesting paper is preeminently rational and

convenient. There is apparently however a slight diilference

in our concepts, for in Dr. Troland's statement : "The word
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of seen space, out into which we look, presents itself to us at

each moment, as a pattern of colors and luminosities, ,"

I would delete "and luminosities," for I would regard "lumin-

osity" (brightness, brilliance) as one of the three-color char-

acteristics. I believe a definite subjective definition of "color"^

to be the logical and indeed necessary starting point of a con-

sistent system of colorimetric nomenclature. By strict adher-

ence to this concept and a consistent system built on it much

confusion of thought and words may be avoided.^

I would particularly commend Dr. Troland's criticism of

Planck's use of "color" as a synonym for wave-length. In this

connection I would also point out that the conventional use of

"gray radiation" to describe spectral energy distribution giving

rise to anything but gray sensation is very repugnant to those

interested in formulating a colorimetric nomenclature.

Dr. Troland's contentions in regard to "artificial daylight" at

night and his emphasis on "the importance of association and

expectation in determining our experience" are very pertinent.

The facts which he points out in this connection are facts and

must be considered even though they may not at first sight be

clearly comprehended by the physicist or engineer.

I am particularly interested in Dr. Troland's proposal of a

definition of "white light" on a psychological basis because I

have been making some experiments with a view to obtaining

the data on which to base such a definition.

My experiments have not yet leached the stage where I

would be justified in inferring definitive, unqualified conclu-

sions; but since they bear so directly on Dr. Troland's discus-

sion, I am prompted to describe my own experiments in their

present status, without insisting at all upon their significance.

The plan is to determine the spectral distribution of energy

which the observer calls "white or gray" (i e. neither bluish

nor yellowish), this distribution being adjustable by continuous

variation from bluish to yellowish by the observer himself.

Observations to date have been made only under the follow-

ing special conditions:

I. The field viewed is circular and subtends an angle of i° at the eye.

1 See Century Dictionary.
2 See further, Priest, "A Proposed Basic Nomenclature for Use in Colorimetry," now

in preparation.
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2. The light field is surrounded by a completely dark field and both

eyes are completely shaded from extraneous light. There is no comparison

light in the field.

3. The average field brightness is about 500 meter-candles but varies

with the color setting from about 250 to 1000 meter-candles. This is

viewed through a circular pupil i sq. mm. in area.

4. No precautions have been taken to bring the eye to any particular

state.

5. Color is varied by the rotatory dispersion method using apparatus

previously described.^ The quartz thickness is i.ooo mm. The observer

sets the angle to the transition point between blue and yellow. (He

is requested to set to "distinctly" blue and "distinctly" yellow and judge

the half-way place mechanically; but is warned not to fatigue his eyes

by setting to the saturated tints of either blue or yellow).

6. Four independent settings are made in sequence and the mean angle

taken.

Eleven subjects (excluding one color blind who could not

make the setting at all) have been examined. Of these, three

have been examined three times on three different days; six

others on tv^o days; and the remainder only once.

The mean spectral energy distribution thus found* is almost

identical with that of a "black body" at 4000° (Planck's

formula).

The "bluest" white found among all of these settings is

"yellower" than direct sunlight at the earth's surface.

Two observers made very "yellow" settings; one which

would about match a gas-filled tungsten at 22 lumens per watt;

and another which would correspond to even lower efficiency,

perhaps about 15 lumens per watt (not accurately known).

The former of these made almost the average setting on the

following day. The latter has not been re-examined.

Excluding these extremes the other determinations were

comparatively concordant.

It appears that these experiments, insofar as they indicate

anything, point to quite the contrary of Dr. Troland's (and

Hering's) hypothesis that "psychological white" is "bluer"

than sunlight. However, it must be emphasized that a great

deal depends upon the special conditions in such experiments,

and I think we can safely draw neither a positive nor negative

conclusion at present. The question deserves further attention

3 Phys. Rev. (2) 9, 342.
* Computed as indicated in Phys. Rev. (2) 10, 208.
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and I think the rotatory dispersion method is a good means of

attack. We expect to continue and extend the investigation.

This same method may afford Dr. Troland a convenient

means of working with a given "black body" distribution which

he says has been lacking to him. I have not succeeded in ex-

actly matching "black body" curves at all temperatures but can

get much better spectral matches for 5000° than are obtained

with colored glasses. For 4000^ the agreement between the

Planck curve and Ka. sin' (180 — a) is very close. Ea =
relative energy, acetylene; and a =: specific rotation of

quartz.^

The spectral energy distributions obtained by this method

with different sources and many different thicknesses of quartz

and different values of (/> have been computed at the Bureau of

Standards and are available for reference to those interested in

this matter.

L,. T. Troi^and: I wish to thank Messrs. Kingsburg,

L/Uckiesh, Priest and Serrill for their careful consideration of a

paper which, owing to the pressure of war duties, was only

very hastily prepared.

The exact setting of the principle of association in my dis-

cussion of the psychological blueness of evening light was per-

haps not made sufficiently clear. Simple association, as Mr.

Kingsbury points out, would of course tend to make us add

yellow to the visual perceptions of evening, rather than sub-

tract it. This might occur as a result of individual experience,

but the rejection by modern biology of the doctrine of the

transmission of acquired characters would not be consistent

with the idea, which Mr. Kingsbury suggests, that it could

result from the experience of the race.

My theory of the action of association, in the present case,

however, is slightly more complex. I suppose that experience

has taught us, individually, that to gain a correct notion as to

the color of objects viewed by the usual yellow artificial light,

we must subjectively subtract yellow from our naive sensa-

tions, derived from these objects. The psycho-neural mechan-

ism seems to be constantly in quest of impressions which repre-

o For significance of this formula see Pkys. Rev. (2) 9, 341, and (2) 10, 208.
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sent the inherent nature of objects, independently of the

pecuHarities of the medium through which they are perceived.

This is necessary as a condition of correct response and safety.

Learning to subtract yellow from our ordinary crepuscular

perceptions demands an association of this modification of

sensation with evening time, or with any large, general reduc-

tion of illumination, and this associative tendency is so strong

that it is effective even when the artificial illuminant is actually

not yellowish. In this latter case, the result is naturally the

production of a psychological blue.

This kind of use of the principle of association is consistent

with the modern idea that physiologically, association involves

a linking together of different reflex processes by their con-

nection with a single type of stimulation. "The subtraction of

yellow" is not an *'idea" but rather a psychophysiological pro-

cess which is set off by a general reduction of illumination,

or perhaps even by a perception or belief "that it is evening."

Our description of the process would conform more closely to

the ordinary conception of association if we translated the

phrase, "the subtraction of yellow," into its equivalent, "the

addition of blue." I do not wish, however, to exhibit undue

faith in the validity of the associative explanation. The ex-

planation based upon the supposed yellowness of sunlight, and

the chromatic dimming effect is equally interesting. The latter

involves primarily retinal factors, while the former depends

upon central processes.

Mr. Kingsbury finds that the apparent blueness of artifical

daylight, following adaptation of the eye to sunlight, can be

temporarily but not permanently annulled by a brief exposure

of the eye to a saturated blue of lower intensity. The apparent

yellowness which immediately succeeds the strong blue stimu-

lation of course requires no comment, but its eventual replace-

ment by a bluish tinge instead of a white or faint yellow is re-

markable. It would seem to me that, superficially considered,

this would argue for the associative explanation. We cannot

expect the associative "yellow subtraction" to completely

counteract the powerful yellow after-effect of the saturated

blue, until this eft'ect has had time to decay considerably; but

the associative tendency may quite rationally be regarded as

permanently lowering the "asymptote" into the blue.
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Some facts suggest that a momentary, although powerful,

adaptation to blue may not actually obliterate the retinal after-

effect produced by a prolonged stimulation with yellow. In

physics, we find that mechanical and dielectric strains set up by

prolonged action, often cannot be wiped out by the brief appli-

cation of forces tending to relieve them, even when the imme-

diate after-effects of the latter forces for a time predominate.

I am not positive that I understand Mr. Kingsbury's appeal

to the Purkinje phenomenon. This phenomenon is usually

attributed to the shift from cone to rod visibility, and such a

shift should not result in any change in color (unless desatur-

ation is so classified), since rod vision is ordinarily supposed to

be achromatic. Konig, as I have pointed out in my paper,

declared that the rod sensation is bluish, but it was one of my
purposes to show that acceptance of his contention is not

necessary.

With regard to the temperature at which a black body will

appear white, I am quite willing to admit that the differential

threshold which will condition the determination of this tem-

perature, is a large one, especially when expressed in degrees

Centigrade. However, this only makes it difficult and not im-

possible to identify the temperature in question. Mr. Priest has

apparently found it feasible to attack this problem experi-

mentally.

Mr. Priest finds contrary to my expectations—that the

radiation judged as white by his subjects is yellower instead

of bluer than sunlight. His measurements were naturally

taken with a small field with dark surroundings, under which

conditions the subject might acquire the same mental set which

accompanies visual quality judgments in the evening. In this

case, we should expect the subject to pick a sensory yellow as

a perceptual white. It would be interesting to make determin-

ations of this sort with the entire retina flooded with light, and

also to apply Hering's dimming criterion. The latter should

provide a test the results of which should be less contaminated

by possible central influences. I note that Mr. Kingsbury ob-

tained blue upon dimming a "white" which was considerably

bluer than sunlight.

The problem as to the definition of "white light" is of course

one into which there must necessarily enter some degree of

7
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arbitrariness. We may eventually settle upon some sort of

"best representative white," which combines the results of a

number of criteria. However, in problems of this sort, an

hypothesis will often prove of practical value as a guide. The
hypothesis which I had in mind assumes that the maximum of

the cone visibility curve originally coincided with the maxi-

mum of solar radiation—a condition of maximal efficiency

—

and that color vision is a device by which the organism detects

a deviation of spectral distribution from that of the sun's radi-

ation. The cooling of the sun which may have occurred since

the visibility curve was established would naturally make our

present sunlight retinally, if not cerebrally, yellowish.

I am very glad to find that Mr. Priest agrees with my adverse

criticisms of the present color and radiation terminology among
physicists. I may say also that I actually concur with Mr.

Priest in regarding "luminosity" as a color characteristic, al-

though this definition of the word "color" (coinciding with

Hering's usage of "Parbe") is still so uncommon that I hesita-

ted to employ it in my paper. Otherwise, I should have spoken

of a "pattern of hues, saturations, and luminosities
"

Mr. Luckiesh is quite correct in his characterization of the

field of color psycho-physiology as an "extensive unexplored

unknown ;" and we need many more scientifically equipped ex-

plorers to attack its problems. I am convinced that such ex-

plorers will make many definite, interesting, and practically

valuable discoveries as rewards for their efforts.

Mr. Serrill rightly emphasizes the importance of the familiar

as well as the novel as a condition of satisfaction in illum-

ination. With regard to "color music," while it is unlikely that

successions of colors can ever have the symbolic and repre-

sentative power possessed by phonic music, it is nevertheless

conceivable that they may bear some affective fruit which is

not nourished by the emotions. The beauty of color-patterns

in space is usually not evidently dependent upon an emotive

or intellectual appeal. Consider, for example, the fascination

of the kaleidoscope. On the other hand, the beauty of a great

deal of phonic music seems to be wholly sensory.

C. R. C1.1FFORD : It is with much interest that I have studied

the papers of the color symposium, and can find little to criti-
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cize; what is said is doubtless authoritative, so I will, if you

will permit me, discuss not the things you have said, but the

things that have remained unsaid.

First: No lighting will ever be satisfactory for its color

effects without proper consideration for the color of the back-

ground, which the engineer is too apt to ignore or to assume

as negative or neutral. On the contrary, lighting is only a part

of a decorative co-ordination and must be undertaken with a

clear conception of the results of a finished work.

Second: It is wise always to consider not only the char-

acter of the room, but I might say, its topography. The decor-

ator always determines whether, by reason of its cold northern

exposure, a room needs the artificial sunlight effect of yellow,

orange or red, or whether by reason of its southern exposure,

it needs neutral or cold colors and having introduced these

colors as a permanent part of the day-time decoration of a

room, the night light must be selected in consideration thereof,

to harmonize and not to destroy.

I have seen rooms that have been delightfully furnished in

side-walls and upholsterings, simply killed by the lighting

"expert" who was obsessed by the love of some particular tint.

Third: There are rooms moreover that are so small that

the decorator treats them with distance effects—grays or pastel

shades. Here again all one's theories of fundamental color

lighting must be subserved to the fact that in considering light-

ing we must consider the accommodation of light to the exist-

ing color environment.

It is seldom that we have conditions of colorless environment

which permit the illuminating engineer to express his inde-

pendent color theories. Where the decorator has already pre-

sented a distinct color scheme, the engineer must check his

individualism or chaos will result. Therefore, I consider it

absolutely necessary that you work with the decorator.

You are but recently considering this subject of color, while

the decorators have studied it for years, and I hope that you

will see, as I see, the great good results which may accrue

through collaboration.

Fourth: We do not all agree with Robert Burns re-

garding man and the clothes he wears. Appearances go a great
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way, and whatever you may affect in lighting will be always

handicapped by the atrocities and anachronisms of the fixture

manufacturer. There is no one factor so troublesome to the

decorator. You, for example, are concerned with both the

practicability of good lighting, where good lighting is needed,

and the charm of a tinted light where decorative quality is

necessary. The fixture should be always acquiescent. It should

not dominate. It should simply fit into the environment.

Therefore, I would urge you, if you are to get the best re-

sults, bring into your symposium not only the decorator but

the fixture man and endeavor to arouse in him the aspirations

and standards which unquestionably are arising in your society.

Researches and discussions will result in nothing unless you

bring into co-operative unity the arts and the industries.

We are living in an age when no man who would accomplish

anything can do it alone. If it is desirable to understand the

charm of color and to practice an advanced scheme of lighting

that may have esthetic influence, no man can work independ-

ently. No man knows enough. The scientist may comprehend

the psychology; the technician may know the mechanical; the

artist may appreciate harmony; but do any or all of them know
enough to properly apply their knowledge to the selection of

fixture mediums that will breathe the spirit and reflect the

period style of a Jacobean interior, a William and Mary, Queen

Anne, or French Renaissance? Do they understand the sort

of a fixture for lighting a room of the Francis I style, Charles

II or early Victorian?

You can give us the science of lighting, but the fixture men
should furnish you with mediums through which to express it;

and above all I commend you to take into your conferences the

decorator, who presents not only the environment which you

are to handle, but who is critic, judge and counselor, and the

man who in all of his work considers the character of the

household, the character of the occupants, the use of a room

and its temperament, and to whom light is often a means to

expression, as the artist employs it to show sunrise or sunset or

dusk effects, to express the sobriety or gayety of a room ac-

cording to its character, its occupant or its specific purpose.
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ECONOMICS IN THE OPERATION OF LARGE
LIGHTING INSTALLATIONS *

BY CLARENCE L. LAW AND JAMES E. BUCKLEY.

Synopsis: This paper describes the executive details and routines

necessary to the economic operation of Hghting installations served by
central stations with particular reference to the systems of the Illuminating
Engineering Department of the New York Edison Company. Surveys and
subsequent recommendations based thereon cover the preliminary steps

and layout of a new installation or in the improvement of an old one. The
paper includes sample illumination tests, tabulations and curve sheets
showing location of lamps, horizontal intensities, average foot-candles,
current consumption and weather charts.

INTRODUCTION.

The Bureau of Illuminating Engineering of the New York
Edison Company is engaged in general illuminating engineering

work. Sometimes this involves design of new lighting installa-

tions ; again, it may involve improvement of existing installations

to secure better illuminating effects, and still again it may involve

the introduction of economies to reduce costs. As the latter

phase of the Bureau's activity is of particular interest at this time,

the authors have been requested by your Committee on Papers to

describe it. This paper in consequence will be devoted almost ex-

clusively to an account of the methods employed in cases where

a reduction in the cost of lighting is to be effected. In these cases

the need for economy by no means eliminates other considerations

although it must be admitted that sacrifices are sometimes made,

such as the details of esthetics, in order to bring about a result.

It is pointed out also that invariably installations investigated are

ones needing remodeling, having been installed some time ago

previous to the advanced stage of the lighting industry.

The writers have endeavored to present briefly the methods fol-

lowed in preparing data and maintaining records of the lighting

consumption with a view to eliminating any misuse of the instal-

lation or waste which might be caused by the use of inefficient

lamps, incorrect fixtures, improper glassware or careless opera-

tion of the system.

The classes of installations particularly mentioned in this paper

* A paper prepared for the 1916-17 Correspondence Convention of the Illuminating'
Engineering Society, and circulated among members of the Society and others who were
thought to be interested. This paper was also presented by the authors before the New
York Section September 13, 1917,
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are office buildings, loft buildings, hotels, and clubs having build-

ings of their own. These types are taken because they represent

the greatest number of buildings where these investigations have

been conducted.

The following table will give an idea of the importance of the

lighting load as compared with the total consumption of a build-

ing:

TABLE I.

Including electric Kxcluding electric
elevators elevators

(Per cent, total (Per. cent, total
consumption) consumption)

Loft building 43 —
Office building 59 98

Hotel building 47 90

Club building — S2

Department store building 75 79

SURVEYS.

When a request is made for an investigation or the supervision

of a lighting installation, the first step in the procedure is to make

a thorough and complete survey of the entire electrical equip-

ment. This survey is made in detail, the location of lamps, the

number, size, and type is noted, also the style and location of the

fixtures.

These surveys are made by survey inspectors who are specially

trained for this kind of work, as it is necessary to know and rec-

ognize the various types of lamps and sizes, for it is not always

convenient to get close enough to a lamp to determine what it is

by the label. A knowledge of the sizes and contours of bulbs is

essential on the part of the inspector.

In making these surveys difficulties often arise due to the ap-

parent lack of co-operation on the part of the occupants of the

buildings. It is not always convenient to make these surveys dur-

ing the periods when offices in buildings and rooms in hotels are

occupied and it is, therefore, necessary to adjust this work to the

convenience of those occupying the buildings. While making

surveys the inspectors are often called upon to answer questions

brought up by individuals and, therefore, these men are cautioned

as to what information they give out and at all times they must

exercise tact throughout the period that they are assigned to the

building.
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Wiring Trace.—Surveys are also accomplished when necessary

by means of a wiring trace. This trace is made by experts on

wiring. From the point of entrance the service is traced to dis-

tribution location, feeders lettered A, B, C, et cetera, and traced

to various panel boxes, where branch circuits are numbered. The
circuits are then traced through and a complete record of the

installation is made so that the control of all fixtures or individual

lamps is known.

From the information thus obtained it is possible to determine

the load carried on various feeders and branch circuits, and when

necessary meters are installed to record the current consumption

of any particular portion of the building. A record is then se-

cured of the consumption of the premises operating as when in-

vestigated.

RECOMMENDATIONS.

Detailed surveys and wiring traces are used as a basis for

making recommendations to effect a more economical or efficient

lighting installation. When making recommendations of this

kind, either one of two methods, or both, are followed.

In the first instance, where a change in lamp equipment only

is necessary, a thorough investigation of the lamp situation is

made. Temporary lamps are installed of the size recommended

for use in the particular installation and left for a period long

enough to permit of a decision being made. A quantity of lamps

used in the installation are also tested to determine whether they

are of proper wattage, voltage and efficiency. It is very often

found that lamps of improper voltage are used, especially lamps

lower than the voltage supplied to the building. This means a

short and unsatisfactory life and frequent renewal of the lamps,

which would not be necessary if proper voltage lamps were in-

stalled. The result of these tests very often show also that in-

ferior lamps are being used, the efficiency not being entirely up

to the latest standard. The cost of lamps is also investigated in

order to see that a customer is operating under the most advan-

tageous lamp contract as to quality of lamps and deliveries.

The second method is the substitution of new fixtures and

lamps. Photometric tests are made of the installation as found.

The suggested installation is then installed and tests are made for
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the purpose of making a comparison between the two. The ac-

companying illustrations (Figs. 1-2) show the forms in which

these tests are submitted to the customer. The fixtures are

numbered as indicated in the illustrations and a chart is made up

comparing the result in illumination with the wattage for each

of the various fixtures submitted for test : Table II. A word of

acknowledgment to fixture manufacturers is here interpolated

for their co-operation and liberality in loaning fixtures for dem-

onstration purposes of this kind. By this method no expense is

incurred on the part of the customer or the company.
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The accompanying illustrations (Figs. 3-4) show an instance

where tests have been conducted for the purpose of demonstrating

that better illumination for a specific purpose can be had by the

substitution of lamps in the existing fixtures. This was a case

where uniformity of light on a billiard table was desired, which

also effected a saving in the wattage. The tests were made in

connection with the supervision of this particular building.
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Fig. 5 shows the form in which the result of a test is submitted

on different fixtures installed in a new building in order to decide

the kind of fixtures and glassware which will be installed in the

entire building.
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Fig. 2.—Form in which data on illumination tests are submitted.

All tests are conducted in typical portions of the building and

the opinion of the company's representative usually carries weight

because of his general knowledge of the subject and his impartial

recommendation.

SUPERVISION.

The supervision of buildings plays a very prominent part in the

reduction of current consumption. Records show that an actual

saving, due to the supervision of the installation by inspectors

familiar with the operation of the various classes of buildings, ex-

clusive of changes, ranges from 10 per cent, in some classes of
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buildings to 40 per cent, in others. When it is remembered that

the lighting consumption of the building represents from 47 to

98 per cent, of the total consumption, the importance of this work
can be realized. In many cases supervision covering 24 hours is

desirable for a period of the time in order that some idea of the

use of the installation may be had at all times. While it may seem

unnecessary to maintain this 24-hour supervision, its importance

may be realized by stating that in the large office buildings and
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Fig. 3.—Form in which data on illumination tests are submitted.

factories, the cleaning is done after the usual working hours and
it is necessary that the employees be instructed in the intelligent

use of the lighting installation during this period as well as in

the regular working hours of the day. In one installation the

consumption for lighting between the hours of 6 P. M. and 8 a. m.

represented 29 per cent, of the consumption for the total 24 hours.

(Fig. 6.)

While this 24-hour supervision is being maintained, the men
work in shifts of 8 hours each. These investigations are some-
times carried over a period of as long as 6 months or a year, in
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order to collect sufficient data under all operating conditions dur-

ing all seasons of the year. Usually a room in the office building,

hotel or club is assigned to the representative from the company
for his work, where the records of installation are kept during
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Fig. 4.—Form in which data on illumination tests are submitted.

the time when the patrol of the building is being made. Inspec-

tors note and report any unusual use of the installation, or activi-

ties which tend to increase the consumption.

The saving which is effected is produced not only through the

correction of the careless use of the installation but also by the
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result of the moral effect produced upon the employees by an in-

spector being in the building at all times.
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It is hard for one, not familiar with the operation of a system

in a large office building for instance, to realize the extent to

which lighting is misused. The question of waste by itself repre-
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sents the major portion. Lamps burning when sunlight is stream-

ing through a window, a whole floor or large percentage of a floor

lighted when only a small section is needed, lamps left burning

for hours after occupants of a building have left, constitute some

of the forms of misuse.

Depreciation of the installation due to the lack of proper clean-

ing of the equipment has also a most pronounced bearing on the

inefficient operation of a lighting system. After a number of in-

vestigations, particularly of office buildings, it was found that

from 20 to 40 per cent, of the initial intensity has been lost due

to dirt and dust settling on lamps and glassware, especially where

indirect and semi-indirect systems are used. Added to this is the

loss due to the blackening of the bulb after a good part of the life

of the lamp has been spent, also dirt deposit on ceilings and walls.

This per cent, varies of course depending upon the location of the

building. This is not in any sense a criticism of the systems but

the direct result of the lack of supervision on the part of building

operators. It is encouraging, however, to see that this fault is

being eliminated gradually by education through a better lighting

propaganda.

These figures of depreciation may seem out of proportion to

the results obtained on tests made in the past ; nevertheless they

are true. When conditions such as these are found and the in-

stallation is brought up to a state of efficiency, the psychological

eflfect is marked. It rarely ever deteriorates again to the same

extent.

Eye strain due to glare is another result of the misuse of a

lighting system. Bright sources of light directly in front of

clerks working steadily all day is a common occurrence. The ill

effects produced can never be estimated. It causes dissatisfaction

on the part of the clerk with his job, uneasiness and general dis-

content. Given as a reason, however, for these ailments, in most

cases it is not given credence. Actual experience has demon-

strated that in cases where the foot-candle intensity has been re-

duced from 20 with a bare lamp to 10 with properly diffused

light, the bare lamp has been substituted again. This is a condi-

tion that can only be relieved by education and it becomes one of

the responsibilities of the inspector having a building under super-

vision.
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The company is often called upon to justify what seems to be

excessive charges for current. Cases of this kind taken under

supervision call for the keenest observation on the part of the in-

spector. Although recommendations can be made to reduce the

consumption, the specific purpose is to determine the cause of the

increase in the past. An instance might be cited to demonstrate

the point.

A prominent concern occupying the greater portion of a twenty-

story building requested an investigation. A survey was made
immediately and compared with one made a few years previous.

A decrease in the connected load was noticed due to the substi-

tution of more efficient lamps and a change in fixtures. Despite

this the increase had occurred. A 24-hour shift was maintained

for the period of a month. Reports of the inspector showed that

due to the increased business which had almost doubled, it was

necessary to work the office force well into the night most every

night of the week. Here was a case of ignorance on the part of

the person responsible for the payment of the bills as to what

was necessary to carry on the increased business. Evidence in

the way of a check system on the number of men working each

night and the number of hours use of the installation was all that

was necessary to justify the charge. Without this supervision,

this explanation might not have been as convincing.

In hotels and clubs the use of the installation differs consid-

erably from the office and loft class of building. In the office

buildings the greater portion of the consumption occurs in the

daylight hours; in hotels and clubs the peak load comes between

the hours of 7 and 10 p. m. In this latter class of buildings the

careless use of light is always evident inasmuch as the rooms arc

most always occupied by transients who give little thought to the

use of the installation. It is necessary, therefore, for maids and

cleaners to make frequent visits to rooms in order to disconnect

lamps that are usually left burning when the rooms are unoc-

cupied. Regardless of this fact it has been found that the com-

pany's representatives can often find instances of wastefulness

when making a supervision of the building.

In once case of a club, an efficiency man was employed at a

salary of $1,200 a year for the specific purpose of controlling the

lighting installation, and records compared with previous years
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showed that a saving was made in the bills equal to a good por-

tion of the man's salary.
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As evidence of what can be done to impress upon the occupants

of hotels the seriousness of waste that usually goes on, a sample

card has been prepared which is posted about the hotel in promi-

nent places.

IMPORTANT

Coal is now high in price and very scarce.

The Government has started to requisition large

quantities, thereby making it almost impossible to

obtain.

Won't you do your share to reduce coal consumption

by turning off the lights whenever you leave your

room ?

Sample of card placed in hotels to effect lighting enonomies.

WEATHER CHARTS.

Weather conditions are carefully noted from day to day in

order to check up any increased consumption. These charts are

of considerable importance in checking up consumption with past

months. (Figs. 7-8.)

CONCLUSION.

Importance of the economics of lighting, especially at these

times, cannot be emphasized too much. By economy is not meant

the elimination of any portion of the installation or the curtail-

ment of its use but the intelhgent application of light used ef-

ficiently and with good judgment.
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DISCUSSION.

J. B. Taylor : I should like to ask Mr. Law to tell us how this

record of darkness is kept. I understand that the Government

Weather Bureaus have a recording machine which marks up once

a minute whether the sun is out or whether it is cloudy. It seems

to me that for work of this sort something very much more

accurate than that would be in order. I know that they have

gone to the extent of making a photometric measurement of the

white surface right along through the day. I would like to know

how that is done and if everybody goes to the pains of keeping

a record of what the daylight illumination is along with spending

so much time and money to determine what artificial illumination

is. I do not think I have anything to say except to call attention

to the fact that any business which is founded on sound principles

does not have to persuade people to take what they do not want

and they do not have to encourage people to do things in an

economical way. It is rather striking I think for a representative

of a lighting company to be explaining how conditions can be

improved so that the product which they sell can be actually

reduced. That apparently is what this is. Here is a company

that is manufacturing and selling current and at the same time

going out of its way, I presume you might put it that M^ay, to see

that that product, even though they get their money for it, is not

called for and used in any greater amount than the economic

conditions on broad lines call for.

S. B. Burrows : It seems to me that there is a broad question

in Mr. Law's paper insofar as the principles of business are

concerned other than the detailed principles of illuminating

engineering. However a central station should go into this class

of work which Mr. Law has presented. If it is in line with war

conditions I can see that we should go just as far as possible. I

would like to know if Mr. Law believes that this service which is

being rendered to the customers is as economical from the illum-

inating engineers' standpoint as it is from the central station

standpoint of economy, insofar as business is concerned—I do not

mean that in the narrow minded way of getting all you can. We
know that the idea of the human being is to change all the time. I

would like to know if Mr. Law believes that this same type of

service should be rendered to every customer and to what extent.
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G. H. SticknEy: This paper is quite interesting as an indi-

cation of the importance which the New York Edison attaches to

securing useful service for their customers.

Such Hghting service depends in no small degree upon the

proper application of lighting units. And while the modern units

are more easily adapted than their predecessors, an inspection of

installations in any city will reveal a large percentage of in-

stallations which are unnecessarily ineffective.

While the educational work of the Society and its members

has advanced lighting practice very considerably, missionary

work is still needed in order that the man who incidentally buys

power and lamps, can realize a maximum value in illumination

effect.

Not long ago a problem was referred to me, which illustrated

the advantage of illuminating engineering experience in securing

effective lighting results.

The problem involved the lighting for inspection purposes, of

small glassy steel cylinders. After some experimentation the size

of lamp had been increased until each operator was provided with

a loo-watt clear Mazda lamp, and still they were unable to see

satisfactorily.

The difficulty was that they had not realized that such surfaces

give practically no diffuse reflection, and hence cannot be illum-

inated in the usual way.

By daylight the parts are observed by reflecting a portion of

the sky. Likewise the artificial lighting should produce a minia-

ture sky—or even diffuse light source which can be similarly

reflected. When this principle was explained to the inspectors,

25-watt bowl frosted lamps with aluminum finished steel reflec-

tors gave very satisfactory results. Not only was the quality and

quantity of the work improved, but the eyes of the operators

were conserved. Incidentally the cost of lighting was reduced.

In this last respect, this problem was exceptional, since on the

average good illuminating engineering seems seldom to call for a

reduction in lighting costs. True economy nearly always calls

for higher expenditures than usually found in practice.

Too much emphasis cannot be laid on desirability to maintain-

ing the intensity of illumination against slow depreciation from
various causes. I believe that if we had available the value of the
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light lost unnecessarily by dust accumulation, discolored surfaces

and similar factors, we would be astounded by this magnitude.

Mr. Law : I will answer Mr. Taylor's question on how we
prepare these charts. We get a daily report from the Weather

Bureau and we put the charts in shape from that report. I do

not know exactly how the figures are arrived at or on what they

are based.

Mr. TayIvOr: A bright sunny day with a cloud over it is re-

ported as dark. There is no great difference between dark and

light.

Mr. Law : We don't use any particular instruments to test the

weather. However, the percentage of daylight in the summer
time would be a good deal greater than in the winter.

F, H. Murphy : In the particular phase of the work under

discussion there is no doubt that two of the greatest enemies of

economic operation are improper installation and improper main-

tenance.

The most serious phase of improper installation is the use of

bare lamps usually so placed that they are directly within the line

of vision. The introduction of the gas-filled lamp has materially

increased the gravity of this crime, and it is to be hoped that

nothing in this type of lamp smaller than the present 75-watt size

will be placed upon the market. It is a question if even this size

is not more of a detriment than a good to the lighting industry,

for the price and size of this lamp appeals to the average layman

as being within his reach. Added to this is the lure of a bright

light and the encouragement of certain unscrupulous salesmen

(more especially in the case of those handling a foreign type of

lamp at a price a few cents under that of the standard lamp).

The increased harm done to the eye is immeasurably greater than

any saving in efficiency or improvement in color of light.

Not long ago I called at the house of a friend, a successful

young business man, and was almost blinded when I entered the

parlor. Their fixtures were the old style with sockets pointing

outward at an angle of about 45° and equipped with clear bell-

glass shades. They had been beguiled into purchasing some of

the new 75-watt lamps and anticipated having an abundance of

nice white light. It is unnecessary to describe the result. This

is not an unusual case but rather one of frequent occurrence.



ree:ves: the visibility of radiation 99

This particular illustration also brings up another phase of

improper installation which is almost as serious and that is the

use of mismated lamps and reflectors. It is not an exceptional

case at all to find a 250-watt bowl-frosted high efficiency incan-

descent lamp installed—not in but under—a 60-watt reflector.

It is difficult to imagine anything more incongruous in appearance

or unsatisfactory from the standpoint of illumination.

The work of educating the public is continually going on and
there are many indications of progress, but there still remains

an enormous amount of work to be done, and I believe that more
emphasis than ever before should be given to the injurious effects

to the eye of exposed high intensity light sources. The public

cannot seem to realize the far reaching harm resulting from such

sources of light.

The elementary principles of illumination should be taught in

the schools and should begin with the grades. In the meantime it

may be necessary to legislate against the promiscuous use of some
of the high candlepower lamps except where properly equipped in

order to reach a certain class of people who are so stubborn that

they will not listen to reason or to their own judgment. I have in

mind a certain corporation maintaining local stations about the

city, who have installed very attractive places, keep their grounds

in excellent shape and have very satisfactory lighting installations

except for one feature. Their business is to cater to the auto-

mobile public and the manager of this section of the country who
knows absolutely nothing about lighting and who will not listen

to advice from anyone else, has determined that each of these

establishments must maintain a 500-watt, high efficiency gas-filled

tungsten lamp in clear glass globe and mounted about 7 ft. (2.1

m.) above the roadway. They get business of course because it

is necessary to use what they have to sell, but a driver approaching

one of the establishments does so in the face of a blinding light

which is equal to that of a strong headlight, and no one can pass

along the street without being blinded by it.

The matter of improper maintenance is principally a question

of economy which calls for education only. We had until re-

cently in our possession a lamp—one of the early types of tungs-

ten lamps—which had an undisputed record of approximately
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3000 hours' burning before its owner could be persuaded to part

with it.

That the depreciation due to the collection of dust upon lamps

and reflectors causes a very appreciable loss of light, there can be

no question. Our tests tend to confirm the high values found by

the authors of this paper. Depreciation due to collection of dust

alone upon an installation in an office at the Oregon Agricultural

College showed 25 per cent, in thirty days, and another set of tests

at the same institution in a classroom in which blackboards were

used showed a depreciation as high as 50 per cent, in thirty days.

Certainly a regular and frequent maintenance of the lighting in-

stallation is justified by such results as these.

I would like to ask the authors what type of photometer they

find most satisfactory for general measurement?

C. L. Law : Tests are usually made for us by the Electrical

Testing Laboratories and they use whatever photometer is best

suited to the conditions. I understand that the Sharp-Millar

photometer generally is used.
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THE VISIBIUTY OF RADIATION.*t

BY PRENTICE) REEVES.

The theory of this subject has been given previously by

Nutting^ and Ives^, and in those papers may be found a thorough

treatment of the early literature. In this paper the writer wishes

to present further data obtained by a method similar to that used

by the above writers but using a different apparatus. The writer

has data from thirteen subjects, five of whom were also used as

observers by Nutting in his list of twenty-one subjects. The

values for the spectral energy distribution of acetylene were those

offered by Nutting and were obtained by weighting the data ac-

cessible up to that time as well as his own results in this labora-

tory. By using these values the writer was able to directly com-

pare results with those of the other writers, and by using the

values offered by Coblentz^ and revised by Coblentz and Emer-
son* we can see the effect of various values for the spectral

energy distribution of acetylene. The variations in the acetylene

values are probably due to the different kinds of burners used,

as Coblentz has shown that the spectral energy distribution in the

longer wave-lengths is affected by the thickness of the radiating

layer of incandescent particles in the flame.

The apparatus represented in Fig. i is a modification of the

Nutting monochromatic colorimeter^ as manufactured by Adam
Hilger of London. This type of apparatus has been described by

Jones^ but the modifications made for its use in this experiment

*A paper prepared for the 1916-17 Correspondence Convention of the Illuminating

Engineering Society, and circulated among members of the Society and others who were
thought to be interested.

t(Communication No. 55 from the Research I^aboratory of the Eastman Kodak
Company.)

^ P. G. Nutting, Phil Mag., 1915, Vol. 29, p. 301; Trans. I. E- S., 1914, Vol. 9,

p. 633,

' H. E. Ives, Phil. Mag., 1912, Vol. 24, p. 149.

' W. W. Coblentz, Bull. Bur. Stds., 1911, Vol. 7, p. 243; reprinted 1912, Vol. 9,

p. 109.

*W. W. Coblentz and W. B. Emerson, Bull. Bur. Stds., 1916, Vol. 13, p. i.

'P. G. Nutting, Bull. Bur. Stds., 1913, Vol. 9, p. i; Zsch. f. Instkund., 1913,

Vol. 33, p. 20.

' Iv. A. Jones, Phys. Rev., 1914, Vol. 4, p. 454; Trans. I. E. S., 1914, Vol. 9,

p. 687.
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warrant a separate description in this paper. The Hght from an

acetylene burner^ S^, is focused on the sHt, Oj, by the lens L.

The pressure of the gas was kept constant at 9 cm. as indicated

on a water manometer, and the width of Oj was determined by a

series of preliminary experiments. A pair of nicol prisms, N,
controlled the intensity of light from 8,2 and by means of the

-Tor^--

^

Fig. I.—Modification of Nutting colorimeter.

vernier, V, and a graduated quadrant attached to the movable

nicol we are able to determine the ratio of the incident to the

transmitted intensities. C^, is a collimating lens, P, a constant

deviation dispersing prism operated by a screw carrying a wave-

length drum, D, which indicates directly the quality of the light

through this part of the system. Si is a gas-filled tungsten lamp
the light from which passes through a daylight filter, F, and by

'I/. A. Jones, Trans. I. E^. S., 1914, Vol. 9, p. 716.
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means of the collimating lens, Cj, strikes the mat surface on the

Whitman disk W. This disk, shown in Fig. la, is rotated by a

motor belted to M and turns so that at one instant a reflecting

quadrant sends a beam of standard white light from Si to the

eye and the next instant a blank quadrant allows the colored light

through P to reach the eye. The eye sees the light image at O^,

w^hich is screened down so as to restrict vision to the fovea and

an artificial pupil, A, was used.

The white light source, Si, was regulated so as to give an

illumination of 13 foot-candles at W and was kept constant at this

intensity by means of connections through a Wolff potentiometer

and a sensitive galvanometer. With both light sources constant

and three independent series taken on different days we may
safely assume the resultant average curves to be representative of

the observers.

A constant width of slit was used throughout. In order to de-

termine the necessary slit width correction the wave-length in-

terval corresponding to the width of the slit, as one edge of the

image is moved across the field, was determined throughout the

spectrum by sighting on certain lines of mercury, hydrogen and

helium. The relative slit width for any wave-length thus de-

termined multiplied by the corresponding acetylene emission gave

the value of the relative energy.

When taking a series of observations the necessary preliminary

adjustments were made, the movable nicol, N, Fig. i, was set for

maximum intensity and the balance was made by shifting the

wave-length drum. For observations between wave-lengths 500

and 680 the balance was made by setting the drum and moving

the nicol. An electric tachometer was belted to the motor and the

speed could be changed by variable resistance. As all observers

were familiar with the theoiy of the so-called "critical frequency"

in flicker balances each observer regulated the speed but no record

was kept of these values. The relative energy for a given wave-

length and the sine square of the angle read at V gives us the

relative energy for equivalent luminosity. The values for the

three independent series are averaged and plotted for each indi-

vidual's curve. From this average curve the visibility curve for

that observer was obtained and the visibility curves were reduced
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to equal areas by weighting the ordinates according to height in

order to compare separate curves and obtain the average curve of

the group. These results are shown in Table I, and Fig. 2 shows

the mean curve as compared with the curves of other writers.

4
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fiuffw^l

Fig. 2.—visibility curves.

In Table II are shown the results obtained by using the different

values for the acetylene emission and the mean from Nutting's

and Ives' results as well as the results computed from the formula

offered by Nutting. This formula was found to represent visi-
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TABLE II.—Comparative Visibiwty Resui,ts.

Wave-
l^ength

Mean V
from

Table I.

Coblentz
data publ.

1911

Coblentz
data publ.

1916

Nutting's
Mean

Ives'
Mean

Computed
from lormu

0.49 O.I 75 0.172 0.172 0.227 0.235 0.232

0.50 0.289 0.283 0.275 0.330 0.363 0.358

0.51 0.475 0.471 0.474 0.477 0.596 0.514

0.52 0.702 0.705 0.686 0.671 0.794 0.675

0.53 0.842 0.851 0.841 0.835 0.912 0.824

0.54 0.950 0.947 0.935 0.944 0.977 0.933

0.55 0.990 0.988 0.993 0.995 1.000 0.994

0.56 0.977 0.982 0.985 0.993 0.990 0.993

0.57 0.898 0.926 0.935 0.944 0.948 0.939

0.58 0.807 0.825 0.836 0.851 0.875 0.839

0.59 0.676 0.693 0.710 0.735 0.763 0.717

0.60 0.548 0.552 0.580 0.605 0.635 0.585

0.61 0.409 0.417 0.446 0.468 0.509 0.456

0.62 0.293 0.294 0.319 0.342 0.387 0.343

0.63 0.194 0.185 0.214 0.247 0.272 0.235

0.64 0.127 0.125 0.140 0.163 0.175 0.158

bility very closely between the wave-length of 0.48 and 0.67 and is

of the form

w^here R = A-max.A ^"^ ^ = ^^^- When the writer used Cob-

lentz's revised data for acetylene the results agree remarkably

well with these computed results.

In Table III the acetylene values used by the writer and Nutting

are given as well as the two sets of values published by Coblentz.

The greatest differences in these values occur in the region of the

longer wave-lengths and as has been said are probably due to the

different types of burners used. The spectral energy distribution

of acetylene is probably better known than any other light source

and the burner used in this experiment gives an extremely con-

stant quality of light.®

In comparison with the other curves shown in Fig. 2 the

writer's visibility curve for the thirteen subjects is slightly more

contracted. The maximum visibility occurs at wave-length 0.553

in agreement with Ives' curve as against 0.555 ^or Nutting's curve.

^ Standardized burners may be obtained from the Research Laboratory, Eastman

Kodak Company, Rochester, N. Y.
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TABLE III.—Spectrai, Energy Distribution of an Acetylene

Wave-length in /u. Nutting data Coblentz old data Coblentz new data

0.48 II.

I

16.5 17.0

0.50 144 21.7 21.9

0.52 18.4 27.6 27.9

0.54 23.2 34.8 350
0.55 26.1 — 38.9

0.56 29.1 43.7 42.9

0.58 36.2 54-0 52.2

0.60 44.2 66.3 62.1

0.62 53.7 80.5 73-0

0.64 63.8 96.5 84.7

0.66 74.6 1 12.8 97.4
0.68 86.1 1 30.

1

1 10.9

0.70 98.2 147.0 124.6
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Fig. 3.—Mean of author's results and Nutting's results.
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Fig. 3 shows the mean of the writer's results and Nutting's

results on the five subjects who served as observers in both ex-

periments. The average maximum visibility found by the writer

is 0.555 and by Nutting 0.554.

This work was carried out at the suggestion of Dr. P. G.

Nutting and the writer wishes to thank him and the other

members of the laboratory for their assistance.

Author's Note.—This paper had been completed before a

paper by Coblentz and Emersonf appeared so that their data have

not been included.

DISCUSSION.

W. W. C0BI.ENTZ : Some time age Ives and Kingsbury showed

that the visibility curves published by Ives, and by Nutting do not

fulfil the requirements of physical photometry ; that the visibility

curves are not high enough in the red. They determined experi-

mentally the visibility curve (luminosity solution) which must be

used in a physical photometer in order to give the same results

as they obtained with a visual photometer.

The visibility data of Coblentz and Emerson happily coincide

closely with the curve predicted by Ives and Kingsbury ; especially

in the red end of the spectrum where the older visibility data

are most in doubt. The visibility data of Nutting (and of Reeves

who agrees closely with Nutting) agree with those obtained by

Coblentz and Emerson if reduced on the basis of the spectral

energy measurements made by the latter, and hence fulfil the re-

quirements of physical photometry. (See Sci. Papers Nos. 279

and 303 of the Bureau of Standards.)

Prentice Reeves : As a result of recent communication and

conversation with Dr. Coblentz the statement that *'the variations

in the acetylene values are probably due to different kinds of

burners used ," should be made to read "are due to different

kinds of burners used " In the recent paper by Coblentz

and Emerson more detailed consideration of the relative color

sensitiveness of the observers was taken and with a larger number

fCoblentz, W. W., Emerson, W. B. Relative sensibility of the average eye to

light of different colors and some practical applications of radiation problems. Scien-

tific Paper 303 Bureau of Standards, issued Sept. 12, 1917-
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of observers individual variations are not so effective on the

general overage, with fewer observers the presence of one or

two blue sensitive observers, for example, will materially effect

the shape of the average curve.

My comparison of the various data obtained by the different

writers should be used with the knowledge of the difficulties of

comparing results from the different types of burners. The later

data on acetylene given by Coblentz should wholly replace the

earlier data.

At present I heartily agree with Dr. Coblentz on the necessity

of reducing the data obtained by Dr. Nutting and by me.
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I.IGHTING CURTAII.MENT *

BY PRESTON S. MIIvIyAR.

Synopsis: The coal used in the production of electric light is less than

2 per cent, of the total coal output of the country. Curtailment of lighting

can therefore accomplish relatively little as a coal saving measure. Stand-

ards of illumination intensity before the war were in general too low. In

view of the war and the fuel shortage, lighting ought to be reduced in

some classes of service and increased in others. Any practicable curtail-

ment is about 3 per cent., which means about 360,000 tons of coal per

annum, or a trifle more than five one-hundredths of i per cent. It is

practicable to effect much larger savings by other methods with less dis-

advantage to the public.

The most important thing is to win the war. The need for

directing money, energies and materials toward the prosecution

of the war makes it imperative that waste and extravagance be

eliminated. Economy, in lighting as in other things, contributes

to victory.

Economy involves adjustment of resources to secure the best

results. As Ruskin has said, "Economy no more means saving

money than it means spending money/' Economy in lighting in

the present circumstances depends upon

:

I. Securing best accomplishment of the results which the light-

ing is intended to bring about, subject to the need for

* This paper was presented at a special meeting of the Illuminating Engineering
Society in New York on February 14, 1918, and at a meeting of the Philadelphia Section

on February 15, iyi8.
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2. Reducing consumption of fuel by the elimination of unnec-

essary lighting and by reduction of other lighting so far

as the emergency warrants. Emergency reduction should

be undertaken after due consideration of

(a) the amount of fuel saving which can be accom-

plished,

(b) the disadvantages involved in the reduction, and

(c) the practicability of saving the same amount of

fuel otherwise with less disadvantage.

THE PLACE OF ILLUMINATION IN OUR AFFAIRS.

Artificial light makes possible practically all the nocturnal

activities which go so far toward differentiating modern from

ancient life. It facilitates and renders safe a wide range of

industrial, educational and recreational activities which are of

inestimable material and spiritual benefit to the country. A
moment's contemplation of the curtailment of living which would

ensue if there were no artificial light will convince of its inval-

uable and indispensable nature.

THE COST OF ILLUMINATION.

The cost of artificial illumination of all kinds is J^ to 2 per

cent, of the total expenditure of the people. It compares with

certain other expenditures as follows

:

Illumination $500,000,000^

Liquors 665,000,000^

Tobacco 490,000,000^

The great value of artificial light to the public, and its small

cost, are important considerations which ought not to be neg-

lected when discussing lighting curtailment. .

COAL CONSUMED IN ELECTRIC LIGHTING.

The significant figures to have in mind when discussing this

subject are as follows, all being rough approximations

:

Approximate Coai, Consumption for 191 7.

Total coal output of the country 640,000,000 tons*

Total employed in production of electric light and power

(traction excluded) 45,000,000 tons'

Total employed for production of light by electricity (see

note) 12,000,000 tons'
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ITotal Co^M9l7 ^ v^ Total Coah
Electric Light

^^^g Total Coal- fclectric

M^^Mm Li^ht and Power

Fig- I.—Coal consumption of the country.
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Fig. I is a representation of these quantities, which may assist

in indicating relative magnitudes.

According to these estimates, about 2 per cent, of the coal con-

sumption of the country goes into electric light. We are told

that our consumption of coal must be reduced by 50,000,000 tons

per annum.'^ If the entire electric lighting of the country were

cut off the saving in coal would be only 24 per cent, of the

required saving. In considering lighting curtailment therefore,

it is important to bear in mind that even if every candlepower of

electric lighting were wasted the loss of coal involved would not

be the great outstanding coal waste of which this country is

guilty. As relatively little light is wasted, it is evident that the

amount of coal which can be saved by curtailment of electric

lighting is small. Our discussion has to do with the saving which

it may be possible to effect in the 2 per cent, of the country's

coal which is consumed in electric lighting.

PRESENT STATUS OF ARTIFICIAL LIGHTING.

Before the present period of fuel stringency, the employment

of artificial light had increased rapidly. In some classes of

service it had attained a stage which in the present state of the

art was considered by experts to be reasonably satisfactory with

respect to intensity though not so in respect to the manner in

which the light was used. Such a condition, however, was excep-

tional. Upon the whole artificial lighting has been inadequate,

considering the best advantages to the public. Safety, conserva-

tion of vision, economy in production, commercial success, and

esthetics, singly and in various combinations, require improved

utilization of artificial light which in many, if not in most cases

involves the production of more light.

Within the past two weeks the author has requested a number

of members of the Society to express their views as to the ade-

Note:—Coal Bala in this paper Confined to Electric Lighting.

Properly a paper of this kind presented before the Illuminating Engineering Society

ought to include all forms of light. Practically, however, the time available for the

preparation of this paper has been so short, that it has been necessary to confine atten-

tion to electric lighting. The principles which are emphasized apply equally as well to

flame illuminants. The manner of their application, the conditions of use which aflfect

and even govern their application, and the conclusions to be drawn are peculiar to each

kind of lighting.
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quacy of standards of lighting practice. The consensus of the

opinions secured^^ is presented in the following table

:

Present day ideas of desir-
able practice as compared
with practice just before

Classes of lighting service the war, per cent.

Street (civic, not white way) +70
Public buildings (schools, colleges, institutions, etc.) +100
Industrial +I75
Protective (outside and inside) -I-400

Commercial (offices, stores, etc.) +40
Residence (including hotels, clubs, etc.) +30
Recreational (churches, theatres, saloons, etc.).... o

Advertising (signs, white way, show windows, etc.) o

Miscellaneous +100

Assuming a certain distribution of illumination among the sev-

eral classes of lighting service named^* (see page 126) it develops

that according to the consensus of opinion of these thirteen men,

electric lighting as a whole ought to be increased by about 'J2

per cent, in order to conform to the consensus of their opinions

as to desirable intensities.

In relatively few instances has more artificial light been em-

ployed than the circumstances warrant. There is occasionally

encountered a popular opinion that artificial light is used more

largely than is necessary. The phrase "over illumination" ap-

pears to have found some place in popular parlance. The origin

of this impression is to be found not in the use of too much arti-

ficial light, but rather in the glare of exposed light sources which

are excessively bright and which create the impression of high

illumination. Good illumination involves correct practice in

respect to intensity, diffusion, direction, and color of light.

When the artificial illumination is correctly designed as to diffu-

sion and direction, there is no suggestion of over illumination.

To talk of over illumination by artificial light is unreasonable, in

view of the fact that intensities range from, say, a minimum of

o.oi foot-candle outdoors to a maximum of 5 foot-candles in-

doors, while sunlight as we employ it ranges from, say, 10 foot-

candles indoors to a number of thousands of foot-candles out-

doors. How then is it possible to speak of over illumination by

artificial light, when the brightest artificial illumination is only,

say, one-quarter of the least bright sunlight which is used for

the same purpose within buildings?
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Let US base our consideration firmly upon the fact that indis-

criminate curtailment would involve reduction from lighting

standards which are less than adequate.

WASTE VERSUS EXCESS.

There is an important distinction between waste and excess in

lighting. Waste has no compensations; it should be eliminated

wherever found. Lamps left burning when no light is needed;

unconsumed fuel in discarded ashes; unconsumed gases passing

up the chimney—these are wastes.

Excess, on the other hand, is difficult to define, and there is

always room for difference of opinion as to the line of demarca-

tion between sufficiency and excess. Illumination which would

have been considered excessive a few years ago is now accepted

quite as a matter of course. This is not a question of style

—

activities are now more intensified. Speeding up all along the

line is associated with higher levels of illumination, either as

cause or effect. Therefore while we should condemn waste

wherever it is found, "excess" should be examined carefully

before a verdict is reached, lest more be lost than gained as a

result of reduction below intensities mistakenly regarded as

excessive.

OBJECTS OF CURTAILMENT.

The objects to attain which lighting may be curtailed justifi-

ably are principally:

Military advantage.

Release of generating capacity for more important work.

Coal saving.

Money saving.

Beneficial psychological effect.

Military Advantage.—In England and France lighting has been

suppressed with a view to concealing cities and landmarks from

enemy aviators. Thus far this phase of the problem has not

influenced practice in this country. Lighting restrictions have

served no direct military advantage.

Release of Generating Capacity.—Where there is a shortage

of generating capacity, as has occurred in a few localities, the

removal of the non-essential load for the purpose of releasing
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generating capacity for work contributing directly to the prose-

cution of the war and to the important needs of the pubHc, is a

valuable expedient. "Unnecessary"* lighting falls within this

class.

Coal Saving.—A saving of coal which is not justifiable because

uneconomical in ordinary times becomes entirely so when the

supply is inadequate. Curtailment of "non-essentials," including

unnecessary lighting, is in order. At such a time it is desirable

to do this if the advantage of coal saved outweighs the disadvan-

tage of curtailment.

Money Saving.—The value of artificial lighting is incommen-

surately greater than its cost to the public, and it is used rather

too sparingly. From this point of view alone, more money ought

to be spent on artificial lighting. A thrift campaign will touch

many non-essentials and some essentials before general curtail-

ment of artificial lighting becomes desirable on this score. Real

economy, generally speaking, is not to be served by a reduction

in artificial lighting.

"Psychological Effect/'—The "psychological effect" which is

said to be desirable may be any one of the following : it may
remind people of the need for reducing light at home; it may
remind people that we are at war and that economy is to be

practiced in all directions ; it may create the impression that large

savings in coal are being effected.

The same qualities of artificial lighting which render it con-

spicuously successful as an advertising medium bring about

attempts to curtail it with a view to advertising to the public

the need for reduction of consumption of other commodities.

Whether or not the effect upon the public of curtailment of

advertising lighting is that which some people have anticipated

is a question. If the "psychological effect" of extinguishing

prominent electric signs prompts the public to save in coal as in

other things, the result should be good. If it leads the public

to believe that large coal savings are being accomplished through

such curtailment, the result is not likely to be good. For best

ultimate results our actions must be based upon facts and not

* Necessity and luxury are relative terms. lyighting which is important may be dis-

pensed with in a national emergency. That which seems least important is here classed

as "unnecessary."
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upon erroneous impressions. In either event the "psychological

effect" will be felt most strongly at the start, and will cease to

operate conspicuously after the public shall have become accus-

tomed to the new order of things.

METHODS OF LIGHTING CURTAILMENT.

Various methods of reducing artificial lighting as a war meas-

ure have been proposed as follows

:

1. Remove unnecessary lamps.

2. Extinguish all lamps when they are not needed.

3. Extinguish some of the lamps when possible.

4. Substitute smaller sizes of lamps.

5. Replace inefficient by efficient lamps.

Remove Unnecessary Lamps.—This should be done by all

means. The power, the labor of attendants and the lamps them-

selves are needed elsewhere for important work.

Extinguish All Lamps When They are Not Needed.—There is

every reason for emphasizing the desirability of eliminating un-

necessary use of light. Fuel administrators and lighting com-

panies have urged this expedient very prominently. Bulletin V
of the Committee on Coal Conservation of the Chamber of Com-
merce of the United States, entitled ''Conservation in Use of

Coal" (see Appendix) contains some excellent suggestions for

curtailment of lighting.

Extinguish Some of the Lamps When Possible.—To have

available a complete lighting equipment with lighting units of

reasonable power to meet the requirements in a given installa-

tion is an excellent thing. Some of these may be extinguished

for certain purposes without disadvantage. Thus, in a home, a

room which is needed for reading purposes at certain times, and

is used at other times for purposes which do not require close

application of the eyes, may be served by a reduced amount of

illumination on the latter occasions. This plan is superior to

that of replacing lamps of reasonable power with small lamps,

making it impossible to get the full illumination when it is

required.

Likewise, in small specialty shops, or in certain rooms of mer-

cantile establishments, a part of the lighting system may be used
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when customers are not present and the full lighting may be

turned on when customers enter.

Substitute Smaller Sizes of Lamps.—This is advisable in a few

classes of service where lighting is now of ample intensity. In

general, or as a wholesale proposition, it is inadvisable for the

following reasons

:

Present intensities of illumination are less than in expert

opinion are desirable for the most economical ultimate results.

There is now a lamp shortage, and to dispense with moderate

sized lamps would result in the loss of many of them which

would be a serious economic waste.

Smaller lamps are of slightly lower efficiency and are more

fragile than are moderate sized lamps. Fragility means shorter

life in service. The extent to which this is the case is indicated

in the following table

:

Filament breakage in
Relative careful handling in

candlepower laboratory after
I^amp rating produced 1,000 hours 01 burning

in watts per watt per cent.

100 (gas filled) 132 —
100 (vacuum) 107 0.4

75 (gas filled) 121 —
60 (vacuum) 102 0.4

SO (vacuum) 100 1.4

40 (vacuum) 99 1.4

25 (vacuum) 96 1.8

15 (vacuum) 90 3.7

10 (vacuum) 79 6.4

When using small lamps one is between the devil and the deep

sea. If he cleans them in order to maintain them at the highest

efficiency and avoid waste due to dirt, he is likely to break the

fragile filaments. On the other hand, if to save the filaments he

does not clean them, waste is incurred through dirt absorption.

The moderate sized lamps which are used more generally are

more rugged, and do not place the user in this awkward predica-

ment.

Replace Inefficient by Efficient Lamps.—With few exceptions,

carbon and Gem lamps and open gas-flame burners ought to be

eliminated and replaced by the more efficient Mazda and gas

mantle lamps respectively. For the same energy a Mazda lamp

will produce three times as much light as a carbon lamp, and a
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gas mantle lamp will produce five times as much light as an open-

flame burner. The relatively inefficient carbon lamps and open-

flame burners usually produce too little light for the purpose,

and the full light of the more efficient illuminants which may be

used to replace them is often desirable. Where it is not neces-

sary, however, advantage may be taken of the substitution of

the more efficient illuminants to reduce consumption below that

of the carbon lamp or open-flame burner by using smaller size

lamps of the efficient types.

OTHER MEANS OF SAVING FUEL.

To arrive at suggestions for saving fuel used for lighting

purposes without deleterious effect, one should consider the ele-

ments of inefficiency in lighting, and the possibility of elimi-

nating them. Such a line of consideration brings the following

to the fore.

Good Utilization of Light.—Selection of suitable reflectors or

other lighting accessories may in some cases make it possible to

provide equally good illumination while using smaller or fewer

lamps.

Good Maintenance.—Dirt cuts down lighting efficiency mark-

edly. Statistics are available to show that cleaning of lamps and

lighting accessories has increased the useful illumination by as

much as one-third. It is reasonable to state that the difference

between good and poor maintenance of a lighting system will

account for 20 per cent, of the total light.

Use of Good Reflecting Surfaces.—Good white paint or other

good light reflecting surfaces conserve light materially. Some-

times a wall or side of a building may be whitewashed with the

result that more daylight is reflected into an interior, thus reduc-

ing the use of artificial light.

Other measures which are attracting favorable consideration,

but which are not w^ithin the scope of illuminating engineering,

include the following

:

Daylight Saving.—The adoption of summer daylight saving as

now proposed is estimated to be capable of reducing the coal

consumption of electric central station steam plants by 230,000

tons per annum for the entire country. ^^ A suggestion to advance



MIIvIvAR: I.IGHTING CURTAII^MKNT 121

the period of activity by one hour the entire year round, which is

now attracting considerable attention, is estimated to afford about

the same saving to the pubUc in lighting bills, but to result in a

somewhat greater saving of coal on account of the more favor-

able load factor for power plants which would result in the

winter months.

Utilisation of Water Power.—It is estimated that only about

one-tenth of the available water power of this country is devel-

oped. Most of the remainder is in the western states. Much of

it is remote from centers of population. All will require time

for development after legislative impediments shall be removed.

It is clear, however, that tremendous reductions in coal con-

sumption may be effected in the future through further utiliza-

tion of our water power resources.

Blimination of Small Power Plants.—The inherently lower

efficiency of small plants, together with the less expert operation

which in general they receive, is estimated to be responsible for

the use of one-third more coal than necessary. This element of

waste is even more serious in England than in this country, as

is evidenced by a recent report (April i6, 1917) of the Coal

Conservation Sub-Committee of the Reconstruction Committee,^^

in which, after pointing out that the average capacity of English

generating plants is 5,000 horsepower, it is stated that "The
present coal consumption if used economically would produce at

least three times the present amount of power."

DESIRABLE ADJUSTMENTS OF LIGHTING.

The extent to which it is desirable to reduce artificial lighting

depends upon the seriousness of the emergency which is to be

met. The grave shortage of coal during the past few weeks

has made necessary the reduction of a number of luxuries and

some necessities. Artificial lighting has borne its full share of

the necessary curtailment, and rather more than its full share

of the attention of the public in general as a means of compen-

sating for the fuel shortage.

The extent to which lighting should be adjusted in the present

unusual circumstances will perhaps be better appreciated if arti-

ficial lighting is considered separately for the various principal

kinds of service, which for the present purpose are classified as.
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street lighting, the lighting of public buildings, industrial light-

ing, protective lighting, commercial lighting, residence lighting,

recreational lighting and advertising lighting. Adjustments may
be effected in each class by altering the level of illumination

intensities maintained, or by changing the extent of the lighting.

Street Lighting.—It is desired to differentiate between civic

street lighting considered under this head, and display lighting

for business purposes, sometimes called "white way" lighting.

Civic street lighting provides safety against collisions, protec-

tion against criminals, reduces the amount of policing necessary

on the streets and permits the public to go about after dark con-

veniently and without annoyance. It costs the public about $1.00

per capita per year. It is generally adjusted as to intensity with

respect to extent of the traffic and the real estate development

of the neighborhood. The development of the automobile has

created a need for much more light in the streets in order to

provide for safety against collision and crime. It is generally

considered that the lighting of streets is inadequate. Of the total

mileage of lighted streets only an insignificant proportion is

lighted to such an extent as to make it advisable to curtail the

lighting even in times of fuel shortage such as we are experi-

encing.

Abroad during 1915-16 extreme precautions were taken in the

way of eliminating or concealing from above all street lamps.

It developed, however, that the menace to the public from street

accidents was much more serious than the menace from enemy

airships.*

It is stated that from Aug. i, 1914, to Jan. 31, 1915, in the

metropolitan area of London during the hours of darkness 954
persons were killed in street accidents, and 137 were killed

in airship raids. To the reduced street lighting is attributed

a large part of the excess of street accidents. English technical

literature makes it evident that during the past year official and

* The following is the record of motor vehicle accidents in the city of I,ondon:i6

Number of accidents

Year Fatal Non-fatal

1913 424 13,157

19U 493 14,638

1915 666 16,366

1916 to Oct. 31 509 ",827
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public opinion has undergone considerable change on this ques-

tion. Public lighting restrictions are less severe, and the former

street lighting is being restored to some extent.

Street lighting should not be considered independently of sign

lighting. In localities where the public congregates in large

numbers at night, there are likely to be electric signs which add
very materially to the street illumination. The extinction of

these signs places entire dependence upon the street lighting

system which alone sometimes proves inadequate. In certain

portions of Times Square, New York City, not in the vicinity of

any particular sign, the illumination of the street is five times as

great when the signs are in operation as it is when sole depend-

ence is placed upon the street lighting system.^^

Lighting of Public Buildings.—I^ibraries are probably of

greater reference value in time of war than in time of peace.

The lighting of libraries is notoriously inadequate, and ought to

be increased as well as improved. University and college build-

ings may offer some opportunity for diminished illumination by

reason of the decreased number of students occasioned by the

war. Schools, like libraries, are generally inadequately lighted.

Federal and municipal buildings require the usual amount of

light, to the end that public work may not be impeded.

Industrial Lighting.—Progressive manufacturers have devoted

a good deal of attention in recent years to lighting. Good fac-

tory management requires liberal lighting, and good lighting.

While statistics are difficult to obtain, yet it is generally believed

by those who have devoted attention to the subject, that produc-

tion is increased, shrinkage reduced and accidents avoided

through adequate lighting.

Recent tests made in a machine shop of one of the large

Chicago concerns under the direction of the Lighting Committee

of the Commonwealth Edison Company showed from 8 to 2y

per cent, increase in production when the lighting intensity was

increased from 4 to 12 foot-candles. These figures cover eight

different operations which averaged a 15 per cent, increase. For

each intensity a carefully designed system with deep bowl steel

reflectors was used, and every precaution was taken to insure

fair results.^^

3
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As increased light promotes production, so diminished light

reduces production. If to save coal, production must be cur-

tailed, it is an interesting question if it is more economical to

reduce the lighting and effect a small coal saving, or to reduce

the heating and effect a larger coal saving, or to close the plant

for a short time and effect a still larger coal saving. Whatever

the answer may be in a particular plant, it will be found that but

small coal saving may be effected by curtailing the lighting as

compared with that which can be effected by other means.

Real economy in such case dictates the use of slightly more

coal, if the coal is available, and permits a curtailment of the

lighting only if the coal shortage is such as to make it necessary

to accept a serious falling off in production. Many of the older

industrial plants and most of the small factories are not ade-

quately lighted. In time of war and labor shortage, when the

utmost production from each worker must be had, industrial

lighting should be increased rather than decreased.

Residejtce Lighting.—In some rooms which are used for social

or recreational purposes, more light is used in some cases than

esthetic or other considerations dictate. The greater number of

rooms are underlighted. Modern life extends the hours of visual

activity far into the night, imposing demands upon our visual

organs which our forefathers never encountered. This greater

demand, in combination with inadequacy and misuse of light, is

transforming us into a bespectacled race. The menace of poor

home lighting is particularly serious in the case of children, whose

eyes, ophthalmologists tell us, are more liable to permanent injury

through strain involved in near vision work under conditions of

poor illumination than are the eyes of adults. The conclusion

must be that considerable saving in lighting may be effected in

the homes by greater diligence in extinguishing lamps at times

when they are not needed, and by reduction of light in rooms

which are not devoted to visual activities. Aside from this, the

need in home lighting is for the use of more rather than less

light. Ample light makes possible the use of diffusing safe-

guards which with less light would be discarded.

Protective Lighting.—In time of war, especially in a country

which, like ours, harbors so many enemy aliens, the guarding of

property which is important to the prosecution of the war and
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to the welfare of the people, is a necessity. The labor shortage

makes it difficult to provide a sufficient number of guards for

the purpose, and guard labor involves large expense. The effec-

tiveness of a guard at night depends in large part upon his ability

to see all parts of the area entrusted to his care. Artificial light-

ing is, therefore, a very important factor in the protection of

property. It alone makes night guard duty effective. It makes

effective guarding possible with fewer guards. It tends to deter

from attempts at depredation as well as to make it possible for

guards to discover any menace.

The numerous attempts at interference with our industries

prior to recognition of a state of war by this country led to

some increase in the extent of protective lighting. During the

past few months the increase in protective lighting has been

rapid. Notwithstanding this, many points of vital importance

are either unprotected by artificial lighting or are insufficiently

protected. An increase of a number of times in the amount of

protective lighting is urgently needed.

Commercial Lighting.—Stores of the better class employ ade-

quate illumination at night. In a few cases excessive illumina-

tion may be found. ( Show windows are considered to be included

under advertising lighting.) Offices are practically never over-

lighted, and upon the whole may be said to require for best

work, and therefore for best economy, somewhat more light than

is generally used.

Recreational Lighting.—The importance of recreation at all

times is generally recognized. Several forms of recreation are

considered to be practically indispensable. Nevertheless, in times

of emergency, recreation certainly takes a place secondary to

many other activities in which artificial light is employed.

Theatres, churches, dance halls, etc., generally are not over-

lighted. (Signs of course are included under advertising light-

ing.) Saloons are said to employ more light than is needed.

Advertising Lighting.—Advertising is a necessary factor in

commercial success. Among advertising methods the employ-

ment of artificial light holds an important place. There are per-

haps fewer objections to the elimination or reduction of adver-

tising lighting than there are to the elimination or reduction of
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most other classes of lighting, but curtailment of advertising

lighting works damage to the business of those who utilize this

form of advertisement just as would the curtailment of any other

form of advertising. There are various degrees of importance

of advertising lighting. All the complicated questions of priority

are involved. The only measure of desirable curtailment of arti-

ficial lighting is the emergency which occasions the curtailment.

ESTIMATE OF PRACTICABLE CURTAILMENT.

The author has prepared the following rough estimates of the

manner in which artificial light is distributed among the several

classes of service adopted as a classification for this purpose.

There are no general statistics on this subject. Some frag-

mentary data and the opinions of several men engaged in the

lighting business have been obtained. It is to be emphasized,

however, that these figures should not be accepted as anything

more than very roughly approximate.

Beside these figures showing approximate distribution of light-

ing among the several classes of service are figures representing

the consensus of opinion of twenty qualified observers^* as to

the extent to which lighting in each class of service ought to be

curtailed or increased in the present emergency. The values are

probably reasonably indicative of expert opinion on this subject

at the present time.

Adjustment oi^ Ii^IvUmination which According to Expert Opinion

Ought to be Made from Standards Existing beeore the
War in View oe the War and the Fuee Shortage.

Class of lighting Per cent. Desirable adjust-
service distribution ments, per cent.

Street 14 — 5

Public building 3 — 10

Industrial 19 + 50

Protective i +200
Commercial 22 — 10

Residence 24 — 20

Recreational 7 — 40

Advertising 4 — 75

Miscellaneous 6 — 10

100 Net — 3

In presenting an advance copy of this paper before the New
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York and Philadelphia meetings, the author stated that the con-

sensus presented at that time included all opinions which had
been received up to the time of going to press, and that opinions

received later tended to make the assignment of net curtailment

smaller than that shown in the advance copy. The net curtail-

ment shown in the preliminary assignment was 7 per cent.* The
present assignment, netting 2.9 per cent., includes all opinions

which the author has received in response to his questionnaire.

The conclusions stated in the advance copy based upon the 7 per

cent, assignment are even more valid when the assignment has

been made 3 per cent.

The total reduction in lighting indicated by the assignment in

the foregoing consensus is 14.4 per cent. It is almost counter-

balanced by an increase in lighting called for in industrial and

protective lighting aggregating 11.5 per cent, of the whole. This

leaves a net curtailment of 2.9 per cent, or say 3 per cent. It

would appear to be equally the duty of the members of this

Society to seek to bring about reduction in lighting where it can

be accomplished without undue disadvantage and to seek to

bring about increase in lighting where advantages can be gained.

It is difficult to say which is the more important. In any event,

the 3 per cent, net saving is the figure which should enter into

our calculations of practicable lighting curtailment.

It will be recognized that both the extent of lighting and the

level of illumination intensity in each class of lighting are in-

volved in this survey. In protective lighting, for example, it is

a more extensive application rather than higher intensity which

is required. In industrial lighting, on the other hand, higher

intensities are deemed advisable.

Desirable readjustment of artificial lighting to meet war con-

ditions and to assist in meeting the coal shortage consists, there-

* Assignment of opinions included in the advance copy of the paper was as follows:

Class of lighting Per cent. Desirable adjustments
service distribution in intensity, per cent.

Street 15 — 5
Public building 3 — 10

Industrial 18 +50
Protective . . i -i-200

Commercial 20 — 20
Residence 26 — 20
Recreational 7 — 40
Advertising 5 — 80
Miscellaneous 5 — 10

100 Net — 7



128 TRANSACTIONS I. E. S. VOI.. XIII, NO. 2, MAR. 20, I918

fore, in eliminating extravagant and unnecessary light, in elimi-

nating the use of lighting for unnecessary periods, in reducing

the intensity in a few places, in increasing the intensity in a few

classes of lighting and in extending lighting in other classes of

service.

It is important to compare with the foregoing table that which

appears on page 115. This comparison shows that in the opinion

of lighting experts, electric lighting which to attain most desir-

able standards ought to have been increased by ^^2 per cent,

before the war, ought now to be decreased by 3 per cent.

COAL SAVING THROUGH CURTAILMENT OF
ELECTRIC LIGHTING.

It has been shown, page 126, that in the opinion of specialists

lighting may be curtailed in certain classes of service to an aggre-

gate of 14 per cent, of the total lighting; that in certain other

classes of service lighting should be increased to an aggregate of

II per cent.; and that there is therefore a net desirable curtail-

ment of 3 per cent, which may be effected as an emergency

measure in view of the war and the fuel shortage. If a propor-

tional amount of coal saving be assumed, this would mean a

reduction in coal consumption of 360,000 tons per annum.*

This is the maximum extent to which it is believed that the best

interests of the public require coal to be saved through electric

lighting curtailment. Such a saving compares with other possible

annual savings as follows:

Total annual saving which must be accomplished 50,000,000 tons^

Savings within the control of the public

—

Net saving thought desirable through curtailment of
electric lighting 360,000 tons"

Saving if each family decreases by one shoveful its

daily use of coal 15,000,000 tons"
Saving by maintaining temperature of building inte-

riors 3° lower, say 67° instead of 70° F.. 10,000,000 tons'

Possible savings not within control of the general public

—

Saving by railroads through practicable light firing

of locomotives 7,000,000 tons"
Practicable savings requiring some time for consumma-

tion and not within the immediate control of the

general public

—

By railroads through electrification 40,000,000 tons*"

Accomplished by Chicago, Milwaukee & St, Paul

Railway through electrification and utilization of
water power on its Rocky Mountain Division... 500,000 tons"

By substitution of central station power for private

plants 13,000,000 tons*
* Seven per cent, or 840,000 tons was estimated in the advance copy of this paper.
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Total Coa\ Saving to be

^etfected per annum

^
Saving 67 instead

^ of 70" in

^5aving one shovelful

perda^perfflmily

Saving by lighting

curtailment

Totfll Co^|-|9l7

Fig. 2.-Savings in coal which it is practicable to effect through curtailment of lighting
and by some other methods.
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Coal saving through Ughting curtailment can make only a small

contribution to the total saving which must be eflfected. That

small saving, however, should be made and to that end all means

of reducing consumption for lighting which have been discussed

favorably in this paper ought to be practiced. Yet with the

utmost of patriotic action it is possible for those engaged in the

lighting business and for the general public to accomplish only

an insignificant part of the necessary saving through such means.

It is therefore not with any desire to distract attention from the

need for effecting saving through lighting curtailment, but rather

in the hope of accomplishing greater savings otherwise that engi-

neers must turn their own thoughts and the thoughts of the public

toward other means of conserving coal. Among these, the possi-

bilities through changing the practice of heating buildings are

especially important.

AN ESSENTIAL DIFFERENCE BETWEEN COAL SAVING
THROUGH LIGHTING CURTAILMENT AND CERTAIN

OTHER COAL SAVING MEASURES.

A relatively small quantity of coal may be saved through cur-

tailment of electric lighting. This is accomplished at the expense

of a certain amount of damage to business. Most of it will fall

on display and advertising lighting. As a consequence, the busi-

ness of those who depend upon this form of advertising will

suffer. The remainder of practicable lighting curtailment will

fall in other classes of service where its principal effect may be

annoyance and inconvenience. In both cases the revenues of

lighting companies and of manufacturers of lighting appliances

will be reduced. The only savings in artificial lighting which may
be accomplished without disadvantage to business are those

effected through the substitution of efficient for inefficient light

sources, through the use of good and efficient lighting equipment

and through good maintenance of lighting systems. There can

be no question that these ought to be brought about, although

they are not included in lighting curtailment.

Savings of coal through improved heating of buildings, through

the maintenance of somewhat lower temperatures in buildings,

through light firing of railway locomotives, through the substi-

tution of central station for private plant power, through the elec-
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trification of railways, etc., are savings through the eUmination

of waste and are comparable in this respect with savings in the

lighting field which may be accomplished through the substitu-

tion of efficient for inefficient light sources. They are in a differ-

ent class from savings of coal effected through lighting curtail-

ment.

In view of this distinction and in view of the much greater

coal savings which may be effected in other ways, it is to be

hoped that the relative disadvantages of saving the very small

amount of coal through lighting curtailment and through other

means will be weighed most carefully.

CQNCIvUSIONS.

It would appear that members of the Illuminating Engineering

Society have two duties to perform in the lighting field in the

present emergency: (i) They should promote the elimination

of waste in lighting; (2) they should promote the use of more
light in the industries. Because but little coal can be saved in

lighting, it would appear to be incumbent upon them to be even

more diligent in the elimination of extravagance and waste in

order to accomplish their part and to make possible the use of

more light where it is needed for the purpose of promoting

industry. At the same time it would appear that we have a duty

to make known the facts in regard to lighting conditions and the

relation of artificial lighting to coal consumption as well as to

urge upon authorities and public alike, the importance of adjust-

ing artificial lighting so as to promote the best interests of the

country in the present contingency.

General curtailment of lighting would be a menace. For the

last eleven years the Illuminating Engineering Society has devoted

a large part of its effort to promoting good illumination. The
research and investigation of its members on the effect of light

upon the eye; the influence of its technical discussions upon

design and installation of lighting appliances; its popular educa-

tional campaigns in the fundamentals of good lighting have re-

sulted in improvement of lighting practice especially in the more
recent installations. A small beginning has been made toward

approximating daylight characteristics in artificial lighting. The
important feature of daylight which we seek to emulate is diffu-
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sion of light. Without this quaUty daylight intensity would be

unbearable. In order that artificial light may be diffused an

ample supply must be produced. If the quantity of light were

reduced means for diffusing it would be discarded and it would

be used in its raw or crude state. This would set back by ten

years or so the development of the lighting art which has been

in the interest of the public. It would do more, for in the inter-

val much more brilliant light sources have been substituted for

those of ten years ago. To remove light diffusing safeguards

would leave these brilliant illuminants exposed.

In the author's judgment, general curtailment of lighting would

result in damaging the eyesight and impairing the efficiency of

our people. It would be wise only if the coal shortage should

become so acute and distinct that the impairment to the human

energy of the country would be preferable to the small amount

of coal involved.
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APPENDIX.

CONSERVATION IN USE OF COAL.

Committee on Coai, Conservation.

Chamber of Commerce of the United States

Riggs Building, Washington, D. C.

Bulletin V.

Smai,!, Savings That Count.

To the Members of the Chamber of Commerce

of the United States:

The shortage of coal for every day of the ensuing year amounts to

about 40 ounces or 2>^ pounds for every man, woman and child in the

United States. Great economies in the use of coal will be effected by the

factories, the central heating, lighting and power plants and the railroads.

But small savings must not be neglected. Some opportunity is presented
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to every person every day to save coal by reducing the consumption of

heat, light or power. The responsibility for making these savings is

widely diffused among millions of people. The aggregate importance of

them is correspondingly great.

Every ounce of coal saved is an outright contribution to the nation's

war-time need for fuel. Some persons may easily save their entire quota

of 40 ounces each day. The following schedule suggests some of the

means for saving small quantities of coal. These savings, in the aggre-

gate, will set free thousands of tons of coal for the industries of the

country, for the railroads, for the navy, and for the ships that carry our

men and supplies to France.

Conserve Electric Light; electric current usually comes from coal.

Consult your dealer as to the most economical types of lamps

suitable to your conditions and fixtures. A 25-watt lamp used

instead of a 40-watt lamp saves at least an ounce of coal every

two hours.

Turn Lights Ojf When Not Needed; if a 25-watt lamp or an ordinary

gas light is turned off, even for short intervals, the aggregate

saving may easily be an ounce of coal a day for each lamp.

Discard Carbon Filament Lamps; substituting a 25-watt tungsten lamp

for a i6-candlepower carbon filament lamp provides a better light

and saves 2 or 3 ounces of coal every day.

Burn Gas in Mantles, Not in Flat-Flame Burners; the old fashioned

flat-flame gas light burner uses more than twice as much gas as a

mantle burner giving more light. Each mantle burner substituted

for a flat-flame burner will save probably not less than an ounce

of coal a day.

Use Substitute Fuels; many kinds of fuel are available to supplement

the coal supply. The waste material, such as "hog chips" of

lumber mills, as well as brush wood, broken boxes, corn cobs, etc.,

ma}'^ be pressed into service.

Attend to the Lubrication of Machinery; a drop of oil will often save

an ounce of coal. Careful attention to the lubrication of all

working parts of machinery will save many pounds of coal in

the day.

Do not Super-Heat Rooms; observing the thermometer and turning

off radiators to hold the temperature below 70" reduces the load

on the heating plant.

Conserve All Heat and Power; keep in mind that every loss of heat

or power is a loss of coal. A leak in a steam connection and a

super-heated oflice room are alike the cause of wasted coal.

Keeping a heavy power unit in operation when a lighter one

would carry the load wastes coal, and so does all unnecessary

use of electric elevators in oflice buildings.
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Use Weather Stripping and Storm Windows; a bit of weather strip-

ping about the door and the use of storm windows in offices,

schools and all buildings that are heated, will reduce the burden

on the heating plant and make effective a daily saving of coal.

Discourage Electric Display Illumination; this use of coal is not abso-

lutely necessar}^ The genius for advertising which originated

this excellent method of display should find temporarily other

means of expression. Eliminating or foregoing an electric sign

may save tons of coal a year.

These methods of saving heat, light and power are not unfamiliar.

Everyone, perhaps, will think of some effective means of saving which is

not included in this list. The important idea to be impressed on every

person is that a great need exists for saving coal and that even small

savings must not be overlooked.

Saving coal is not always identical with economy to the person effect-

ing the saving. It may be someone's else coal that is saved ; or the time

and expense required to effect the saving may offset the money advantage.

Nevertheless, it is a patriotic duty now to save coal at any reasonable

expenditure of time and material. And in the majority of cases, there

will be a direct or indirect advantage to the person entitled to the credit

for the saving.

A voluntary, universal response to the call for saving coal in the many
small ways that present themselves every day, will insure the success of

the great efforts at fuel retrenchment which are now being made in the

industries and by central plants.

Committee on Coai, Conservation oe the
Chamber oe Commerce oe the United States,

By Ernest T. Trigg, Chairman.

January 4, 1918.

Any member of the National Chamber that wishes to distribute copies

of this bulletin can obtain them by addressing the General Secretary, Riggs

Building, Washington, D. C. Coal dealers who supply small plants should

be in a very advantageous position to distribute copies to their customers.

DISCUSSION.

Prejsidknt G. H. Sticknejy : When the United States under-

took the serious business of war, a new condition obtained where-

upon war became the dominating effort of the nation, before

which all other affairs must yield more or less.

Many activities in the pursuit of happiness which were com-

mendable a year ago must now be discontinued or restricted,

lest they interfere with our struggle for victory. Art may have

to descend from its pedestal and many luxuries be dispensed with

until the "monster" is conquered.
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In this, lighting is no exception. On the other hand, it must

be recognized that all lighting is not on a par. There are many
applications in which the country's interest will permit of no

curtailment, but may actually demand extension.

Light is an important factor in warfare as well as in manu-

facture, transportation and other activities in support of the war.

While the Illuminating Engineering Society is interested in

developing the lighting art, it has recognized that this aim must

be subordinated to the one essential of winning the war.

The Society has been particularly fortunate in finding oppor-

tunities of serving the Government efficiently, and in this con-

nection is indebted to the National Committee on Gas and Elec-

tric Service.

Mr. Millar, as Chairman of the War Service Committee, has

organized and directed some of the most important service which

we have rendered. In fact, this meeting was arranged for the

purpose of contributing to that service by patriotically bringing

out valuable facts and opinions regarding the relation of lighting

to the war problem of fuel conservation.

John W. LiEb: The committee which I have the honor to

represent, the National Committee on Gas and Electric Service,

is fortunate in having among the various national societies co-

operating with it, the Illuminating Engineering Society, and I

wish at this time to take the opportunity of expressing the appre-

ciation of our Committee for the effective co-operation rendered

by the Illuminating Engineering Society, and the readiness and

enthusiasm with which the members of your Committee on War
Service responded to the repeated calls which were made by vari-

ous departments of the United States Government through our

National Committee, and which were passed on to this Society.

The subject which has been presented in Mr. Millar's paper

was one which was brought to the attention of the National Com-

mittee on Gas and Electric Service at a very early stage of its

work. Soon after the organization of the Committee on Coal

Production of the Council of National Defense, a number of

communications were sent to that committee, calling attention to

various phases of fuel conservation, and various ways in which

waste could be eliminated, and economies in the use of coal
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undertaken. I wish to present one or two letters in that connec-

tion, and I do so for the purpose of showing the attitude which

the public utility companies—the electric lighting companies

—

took on this general question, and more especially on the question

of sign lighting, which was the phase of fuel conservation first

brought forward.

The first reference appears in a letter which the National Com-
mittee directed to an inquirer who sent a communication to

Washington. This letter bears the date of July 24, 19 17. After

the introduction, these statements appear

:

"This subject— (referring to the large amount of coal that was said

to be wasted in electric signs)—has been discussed to some extent in the

public press, and being a subject that makes visual appeal to a large

number of people, it should be given very careful consideration. The
prevalent public opinion, that these display signs of various kinds repre-

sent, through the energy they consume, a very large amount of coal, is

quite without foundation. Statistics obtained from a number of our large

cities indicate that electric signs and special white-way lighting of all

kinds represent combined a consumption of electric currents, amounting in

various cities, to from 0.3 per cent, to a maximum of i per cent, of the

total output of the power houses, a fair average being probably 0.6 per

cent.

"To eliminate the use of this display lighting would, however, result

in a saving of coal in a lesser proportion, and the actual saving would
probably be less than one-half of i per cent. The reason of this rela-

tively small energy consumption and consequent saving is due to the fact

that the lamps used are tungsten lamps of the very smallest sizes, con-

suming only 'jYz to 10 watts each, or approximately 100 to 130 lamps to

the kilowatt. It appears to the public, therefore, that coal is being con-

sumed wastefully and money expended unnecessarily to a far greater

extent than is actually the case.

"It is true, however, that the uninformed public, observing this re-

splendent display, may consider that it is inconsistent for the public

authorities to urge economy and conservation of our resources while the

attention of the people is nightly riveted to what appears to them to be

a display of extravagance and waste.

"There are, however, other points of view which should be taken into

consideration. The smaller electric sign in front of the individual store

is an appealing form of advertising attraction to the small merchant, who
finds it impracticable to make use of the columns of the daily press.

Shutting off of display lighting would be a serious disadvantage to the

small merchant.

"Again, in our large cities this 'white way' lighting of various kinds

form one of the attractions of our great centers of population, brings
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strangers and visitors to them, and constitutes a welcome diversion to the

volunteer or recruit who may be awaiting his call for military service.

"It has been the experience abroad that cheerful surroundings and a

certain amount of gayety have a very favorable effect on the convales-

cence of the wounded soldiers, while gloomy surroundings have a depress-

ing and unfavorable effect. It is for this reason that our Allies have

found it necessary, while prohibiting street illuminations and displays in

order not to attract hostile air craft, to maintain theatres, moving picture

shows and other forms of entertainment to help cheer up the soldier on

leave of absence and make enjoyable his short stay in 'blighty.' It would

appear, therefore, that the situation is one of psychology rather than of

economy, one of impression than of notable waste.

"In making a decision, therefore, as to the wisdom or desirability of

eliminating this 'white way' lighting, all of these points of view must be

taken into account.

"If it should appear important to the national or municipal authorities

in the public interest to eliminate this display lighting, I feel very sure

that the lighting and power companies would co-operate in every practic-

able way toward this end. They would not allow the effect on the revenue

that would result from cutting off this consumption to stand in the way
of accomplishing an important public purpose if it should appear that,

taking everything into consideration, it was important in the public interest

to eliminate even the appearance of waste or extravagance."

I wish also to read resolutions, which were adopted by the

National Committee on Gas and Electric Service, and filed with

the Fuel Administrator, Dr. Garfield, under date of November i,

19 1 7, which I think clearly set forth the attitude of the central

stations of the country toward this subject.

Whereas, Under the extraordinary conditions arising out of the state

of war, the public is visually impressed by the apparent waste of fuel

which it believes to be involved in the lighting of the electric display

signs, so conspicuous a feature of the life of our larger cities, notwith-

standing the fact that, even in the aggregate throughout the country,

this service requires the consumption of an inconsiderable percentage of

the total coal required for the operation of electric power plants gene-

rating electrical energy; and

Whereas, The continued use of such electric signs apparently renders

more difficult of consummation the efforts being made by the national

authorities to urge the public to conserve and economize in the consump-

tion of all the necessaries of life and the elimination of all waste and

extravagance, real and apparent, in the use of the commodities essential

to our nation and its allies in the successful prosecution of the war; and

Whereas, Exterior display lighting of the different kinds is of vary-

ing degrees of necessity and importance to the general public and to the

business communities in which it is operated, depending upon the imme-

diate purpose which it serves; and
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Whereas, If and when the national authorities decide that the time

has arrived when it shall appear to them to be necessary in the national

interest and for the purpose of impressing on the people the importance

of avoiding all waste and extravagance, to call public attention to the

necessity of practicing economy in the use of fuel in industries, in the

factory and in the homes of the people, they should then issue a pro-

nouncement to the people of the United States requesting them, under

the supervision and direction of the proper State and municipal authori-

ties, to limit the use and operation of advertising, billboard and display

signs, exterior publicity lighting and special ornamental street lighting of

every kind, to that which is important and necessary for the convenience

and safety of the public and for the proper conduct of the various busi-

ness and commercial enterprises in the respective communities, and to

render effective their co-operation in this work, be it therefore,

Resolved, That the public utility companies throughout the United

States through their organizations, the National Committee on Gas and

Electric Service, of the Council of National Defense, representing the

gas companies—manufactured and natural gas—the electric light and

power companies, the water works companies and the central steam heat-

ing companies throughout the country^ pledge their hearty support and

co-operation to the national authorities in carrying out any plan or regu-

lation for the saving of fuel, gas, oil, or electricity which the national

authorities in the public interest may consider it necessary to adopt, as a

war measure.

In this question of the suppression or limitation of the use of

electric signs, the public utility companies have been placed in a

somewhat difficult position. On the one hand, it is undeniable

that the central station companies had for years past made every

effort to stimulate that appealing form of advertising—a form

which was at the same time an advertisement for the customers,

an advertisement for the central station company, and an adver-

tisement for the general public. For the lighting companies to

have indicated an attitude of indifference to the welfare of this

class of business, which it had done so much to stimulate, would

have been, from the standpoint of the sign customer and the

sign manufacturer, an unfair and an unwarranted attitude. On
the other hand, a disregard of the appeal that it was an obvious

thing to do to place electric signs under limitation, would have

placed the central station companies in the unpatriotic attitude

of having a greater regard for the maintenance of revenues

than for the national welfare. This difficult phase of the situa-

tion made it necessary, and I may say, desirable, for the central

station companies to come out with such a pronouncement as has

4
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been read to you this evening, in order to go on record, that their

purposes in this matter were entirely patriotic—that it was a

national question for the national government to handle, and

that the attitude of the companies was in no wise one of selfish

interest, but was the broad one of a national purpose, which they

were most anxious to serve.

Many times the question has been asked : "What actual coal

saving has resulted from the 'lightless' nights?" In the com-

munication which I read a moment ago the anticipated saving

was stated on the assumption that all exterior illumination would

be dispensed with. The actual saving which has been accom-

plished is very difficult of determination. In these times central

stations must use coal of poor quality, resulting in variations in

consumption from day to day ranging up to 10 and 15 per cent.

Under these conditions the difficulty will be evident of locating

a saving of say 3^ per cent, due to elimination of sign lighting.

Referring to the recent five days of curtailed industry, it may
be said that in general the reduction in coal consumption through

the lesser use of light and power was of the order of 25 per cent.

The reduction on Monday under the regulations of the Fuel

Administration has approximated 35 per cent.

I wish to say, in closing, that the Illuminating Engineering

Society, as well as every other phase of technical and profes-

sional engineering activity, has an important work to do, and I

feel very sure that the Illuminating Engineering Society will

continue, as it has in the past, to respond with enthusiasm to the

call which is being constantly made to an increasing extent, by

the national government for aid and assistance in solving some

of these momentous problems which are now pressing upon it.

C. W. Cutle^r: I have heard Mr. Millar's paper with much
interest and can only add my approval to the main thesis, that

artificial illumination has become indispensable for the increas-

ing complexity of the night work, and granting that the ever

growing complexity of life is inevitable, more light rather than

less is needed in factories, printing offices and other places where

fine work must be done under difficulties.

With regard to the streets, one would not wish to go back to

the days I remember in New England, where the street lamps
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were lighted when the almanac declared that there was no moon,

but I would take exception to the statement that street signs are

an essential part of street lighting. Let me quote from a recent

article on sign lighting:

"The big value of illuminated signs to any community lies in their

wonderful brightening, boosting, and cheering influence. Compare any

two towns with and without these signs. The one is alive, while the other

is dead."

This is quite true and any protest must seem reactionary, but

let us substitute ''asleep" or "resting" for "dead" and the con-

servative has at least a fair ground to stand on. One might as

well raise one's voice against the profusion of the daily press,

an equal embarrassment of riches, which grows by the needs it

creates; yet there are some who feel that true philosophy and

enjoyment of life are not furthered in these ways.

In general terms these may be taken as the feelings of a silent,

perhaps a sleeping fraction of the community, though not a dead

one, based on two main points

:

1. That exaggerations of all kinds are stimulations which lead

to reactions of various kinds, chiefly nervous, which are apt to

become abnormal, and

2. That the lure of the streets and public places is putting an

end to what was once an asset of our country, the home life, the

contentment with simpler pleasures.

These excesses, if they really are evils and not phases of social

evolution, are inseparable from all material prosperity and must

be accepted, but it does rest with you gentlemen to so lead and

moderate the public demand that the esthetic and the hygienic

ideals shall not be forgotten.

A great deal more might be said regarding the effects of light,

perfect though it may be and simulating to the closest degree

possible, in distribution and quantity, the daylight, under which

the eye has evolved; but the eye has not been adapted to use

during eighteen hours a day under the stimulation of working

conditions, and although it may stand the strain, our nervous

resistance seems less, and the first sign of fatigue is excessive

irritability and what may seem to be increased efficiency, but

which is in reality the beginning of exhaustion or at least of

diminished resistance.
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We are living, not only at this moment, but in this age, under

a stress for which we have not yet become adapted, and much
of the hysteria and well recognized nervous reactions called

neuroses and psychoses are simply our reactions to our environ-

ment and the effect of the stimuli with which we are surrounded.

Competition, which has made the night work necessary, accom-

panied by the sensory stimuli to the eye and ear, as well as to

the palate, is blinding us to a true comprehension of our rela-

tions to our environment, and shortening our perspective danger-

ously.

I feel that this statement may be considered quite out of place

in a discussion of an economic question, and I offer my apologies

for taking your time, but even though the saving of light is not

of great importance, as Mr. Millax* has stated, as a matter of

economy of resources, it may be of value as a means of saving

energy and as the beginnings of the return to a simpler mode of

life in which mankind will not be less happy.

The changes to which the present generation has had to adjust

itself are marvelous and it is those who experience the transition

who pay the price. Most that the increased flood of light has

given us is in the highest degree beneficial, but it has quickened

the pace and the pulse of life and there are some who will not

keep up. I speak as a physician.

I have watched with much interest the careful way in which

your Committee on Lighting Legislation has dealt with the diffi-

cult problems of factory and school lighting, and it is reassuring

to know that these important questions are in such hands. It is

the children and the working classes whose conditions have been

most unfavorable in the past and it is good to think that the boon

of light, under the efficient control of this Society, is making

their difficult growth and work easier and safer, and it is self-

evident that curtailment along these lines would be little short

of criminal.

M. G. LiyOYD: With thousands of people suffering from the

cold and with the manufacture of munitions of war interrupted

as they have been in recent weeks, I feel that any consideration

of interference of business in connection with this matter must

not be regarded as important. As a prominent representative
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of the central station industry has said to-night, that industry

would probably not lay great stress upon this phase of the ques-

tion.

In trying to save fuel, however, the human eye ought not to

be sacrificed. Suffering from cold is usually temporary and soon

forgotten, but if the eye meets with a deformity it will probably

never become normal again, and we know that the eyes, espe-

cially those of children, are likely to become deformed through

the strain brought about by insufficient illumination.

When we consider the use of electric light in advertising,

however, the question of impairment of vision is not usually in-

volved. Most of us will agree that it is justifiable to temporarily

discontinue this use of electric current in the interest of saving

fuel. It does seem, however, like saving at the spigot while

wasting at the bunghole. Wherever I go I am impressed with

the waste of fuel for heating purposes. When riding in rail-

road trains the cars are frequently overheated. In visiting the

apartments of my friends I find them overheated. We are meet-

ing in an overheated room to-night. The thermometer on the

wall indicates 74° which we can probably all agree is too high for

either health or comfort. Not only are residences and other

buildings overheated, but coal is used very inefficiently in them.

Much coal passes through the furnaces without being consumed

and the heat actually developed is used inefficiently.

In industrial plants we have a condition which is probably not

quite so bad, but which is in dire need of improvement. Every

mechanical engineer who has looked into the proposition knows
that the average power plant is not operated efficiently and does

not operate with the economy of fuel which engineers know how
to obtain. An exception to this statement should probably be

made in the case of the power plants of the big utility companies

and a few power plants of industrial concerns. Many private

power plants, however, are open to severe indictment on this

score, as brought out by Mr. Myers in his recent article.* He
and other engineers who have specialized on this subject do not

hesitate to make the statement that a quarter, or perhaps a third,

of the fuel used in the average power plant to-day could be saved

if it were operated to the best advantage and as our best engi-

* D. M. Myers, Journal of the A. S. M. E., Vol. 39, p. 901 (Nov., 1917), "Preventable
Waste of Coal in U. S."
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neers know how to operate it. He mentioned one big steel plant

where by suitable management 40,000 tons of coal could be saved

annually. When we consider the total consumption of coal in

the industrial power plants of the country, if the same ratio

would obtain it means that we could save more than enough coal

to make up the estimated shortage. To put it in other words,

coal representing the capacity of 1,500,000 coal cars could be

saved annually if the fuel were used with an efficiency which

we know how to obtain.

It seems very evident that while saving at the spigot we should

also save at the bunghole. I should like to see the Fuel Admin-

istration conduct a campaign along the same lines as that of the

Food Administration, and bring home to every power-plant

operator and to every citizen who operates a furnace on his

premises the necessity of making the best use of the fuel which

he consumes. There have been recommendations for use of

weather stripping, storm-windows, etc., and we have probably

all heard the suggestion with respect to saving a shovelful of

coal per day, but such suggestions have not been driven home to

the people as have been the admonitions of the Food Adminis-

tration. If they were I think they might be much more effective.

What we need, however, is not merely an admonition to save a

shovelful of coal, but people must be told how to save that shovel-

ful, and then we might expect them to get some results.

In the paper by Goodman and Jackson which the author has

referred to, the statement was made that the coal being received

by the power plants for consumption is not of as good quality as

that received previous to the war. From my own observation I

should say that the same is true of the coal now being used for

other purposes. Residents in my own neighborhood have had

coal delivered to them of such a quality that it was impossible

to burn it in an ordinary furnace. In some cases it was nothing

but dust or slack. In other cases there was a large proportion

of slate or other foreign matter in it. The coal operators have

frequently been reported to have said, and I have seen the state-

ment made by the Secretary of the Coal Operators' Association,

that the difficulty in this winter's situation has not been at the

coal mines. The miners have been able to produce enough coal,

but the coal could not be transported to the consumer. Lack of



UGHTING CURTAILMENT I45

transportation facilities has been the principal difficulty and the

source of the break-down.

If this is true there is no excuse for shipping such poor grades

of coal around the country and congesting the railroad facilities

which ought to be better employed than by sending material to

the consumer that cannot be burned. If some control were exer-

cised by the Fuel Administration or by some other authority over

the grade of coal that was shipped, undoubtedly a good part of

the actual shortage could be eliminated. There might be an

excuse for poor quality in coal if poor quality were essential to

getting sufficient coal out of the mine, but with the mines able

to produce more coal than can be transported I cannot see that

there is any excuse for shipping the lowest grades of coal. It

looks like a case of pure profiteering.

Goodman and Jackson estimated that the increased consump-

tion due to poor quality was 10 per cent. Let us suppose that

this applies to the entire coal output of the country. Using the

figures given in the paper, this gives an additional consumption

of 64,000,000 tons, which is more than the estimated shortage.

Here then seems to be another point where a decided improve-

ment could be made. If this vast waste on a large scale could

be eliminated, the little saving that is accomplished by cutting

down the amount of electric light would be entirely unnecessary.

Frank W. Smith : I hope it will be possible, through the

medium of this Society and other proper channels, to give this

presentation wide publicity. I was interested in Mr. Lieb's state-

ment as to the New York Fuel Administrator's activities in the

matter of coal conservation. The local gas and electric lighting

companies were early called into conference with the State Fuel

Administrator, and the co-operation of the companies was asked

in the matter of suggested methods for the saving of fuel. Sug-

gestions were made by the sub-committee appointed from the

representatives of the local companies, that included a number

of the suggestions set forth in Mr. Millar's paper.

The "lightless nights" together with the restrictions on window

lighting, etc., were decided upon by the Fuel Administrator

largely, I think, from the psychological point of view. At the

request of the local administrator, the gas and electric lighting
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companies sent to their consumers, 1,700,000 in number, a com-

munication pointing out the necessity of economy in the use of

Hght, and attracting attention to other methods of saving, several

of which are mentioned in Mr. Millar's paper. This card was

printed and circulated by the companies at their own expense.

The suggestions included the following: burn fewer lights—turn

lights off when not needed—burn gas in mantles, not in flat-flame

burners—maintain a temperature not exceeding 68°, etc.

There is an important item of which brief mention is made in

the paper, that is, the question of the use of inefficient incandes-

cent lamps. It is important to point out that of the 145,000,000

lamps sold in the United States, during 19 16, more than 16 per

cent, were of the carbon and Gem type. A very material saving

in fuel would result from the substitution of more efficient lamps.

Some central station companies, although but few, are still using

the carbon type of lamp. The Lamp Committee of the National

Electric I^ight Association has addressed itself to this subject

during the past year and has in preparation further publicity on

the subject.

Louis B^IvI^: We must approach this question with the reali-

zation that we are facing a great national crisis—by far the

greatest in our history. We are in the war of the ages—to stay

in it until it is won—and we have got to make every move, to

make every sacrifice, without whimpering, until that end is

attained. Now, in this matter of the saving of light, I am sure

every man in this room, engineer or representative of a central

station, will do all he can to see that the use of light is econo-

mized, first, last, and always, so far as it is important for the

saving of fuel, and so far as that saving does not interfere with

his country's efficiency. Mr. Millar has shown us, with admirable

clearness, how petty and small and silly some of the attempts at

curtailment look. They are not the real thing. They are only

camouflage of the most foolish kind. A little can be saved here,

a few tons here, a few tons there, but nothing important as yet.

The time may come when we shall have to save light for the sake

of giving power for making munitions. When that time comes,

we will give up the light, and turn the power into motors, and do
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it thankfully. The main thing is efficiency, right now, here and

always.

What our Fuel Administration should do is to drive hard at

the things that have been mentioned here—at the unnecessary

wastes—at the wastes which are unnecessary in each individual

home, and at the wastes, which are unnecessary and inexcusable,

in the keeping up of business which has nothing whatever to do

with driving forward to our great end. An eminent friend of

mine, a chemical engineer, made a careful study a few years ago,

as to the amount of fuel which is absolutely wasted by inefficient

and useless combustion—wasted in the stove or the furnace ; and

from a very thorough and exhaustive sampling of contents of

ash-cans, he made out that the waste of fuel, through absolutely

ineffective combustion, through foolish extravagance, in ineffi-

cient heating apparatus, amounted to more than 20 per cent.

That is more than all the saving we have got to make, and that

waste occurs every day in ranges and furnaces all over the

country. Now if you stop to think what the average range and

furnace takes in the matter of fuel, you will very easily reckon

that the saving which could be made simply by decent and

economic use of the fuel, which we now throw away, would be

more than enough to light every house that has to be lighted in

this country. The waste in the actual average household per

day is enough if burnt under the boilers of a central station to

take care of the lighting of that house, and probably another

besides. And so, what we wish our Fuel Administration would

do, before it turns to the central stations, to ask them to curtail

the output, or simultaneously with that demand—for we are

willing to take our medicine with the rest—is that it should get

after the evident and clear waste.

The central stations of the country, which are willing to bear

their burdens manfully, are all regulated industries. Their prices

and their manners and morals are strictly under governmental

control, and I think that they have, therefore, a right to ask

that the government should take other things under its control

before it puts the screws on those who are willing to stand by it.

That is the only complaint, I think, that the central station indus-

try has to make. These are times when the utmost efforts of

the government should be spent in suppressing those who are
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wastefully and wilfully throwing away the resources of the coun-

try and striving to make personal profit out of the necessities of

a national crisis.

It was the head of a large corporation doing government work,

who only yesterday responded to a Senator of the United States,

when he was faced with the $6,000,000 profit that he expected to

make, "Oh well, one can't run a corporation on patriotism."

Well what I want to impress here, and I believe every man in

this room will agree with me, is that if the time comes for us

to make answer, it will be, ''In time of need, we willT

Wm. a. Durgin : Isn't this entire question of curtailing the

use of light simply one more case of the obvious expedient? Of
the three necessities, heat, power and light, rooted directly in our

lamentably diminished coal pile, but one, light, is visible. To the

legislator or administrator caught unprepared in a crisis and

under the American compulsion to do something quickly, restric-

tion of the visible consumer no doubt appears the obvious first

step.

Two per cent, of the fuel consumed is utilized largely in the

most efficient heat transforming devices our engineers have been

able to develop and under the direct supervision of fuel consump-

tion experts. The 30 per cent, consumed principally in the hap-

hazard heating contraptions designed by foundrymen, and under

the cursory attention of irritated householders, irresponsible jani-

tors, or itinerant servants. Competent men believe that a full

one-third of that 30 per cent., 10 per cent, of our entire coal

consumption, can be saved by lower temperature levels, more

intelligent firing, and better efficiency of heating plants. Cutting

the enthusiast's estimate in half, taking 5 per cent, as an attain-

able saving, isn't that worthy the concentration of all our best

effort, the application of all our fuel commission's abilities?

At present with every desire to serve in this crisis, where can

we get intelligent direction? How many of you householders

know where to obtain reliable advice on simple changes in your

heating plants which will enable you to save one-sixth of your

consumption? I am not speaking of complex changes such as

grates, ash-pits, and other ideal arrangements, but rather of the

small points ; the best cement for leaks in casings, the most easily
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applied lagging for pipes, or data from trials of various schemes

of damper manipulation in houses like your own. Where can

we buy cheap humidifying apparatus which shall make 62° or

63° as comfortable as J2^ or 73° was? Presentation of points

like these over and over again in every possible form of publicity

will effect conservation out of all proportion to that resulting

from substitution of 25- for 40-watt lamps.

In our ship yards, in our munitions plants, in the manufacture

of necessities, the urge is for greater and still greater output.

Higher intensities of lighting have been shown dispassionately

and without prejudice to give a notable increase at a negligible

cost with the same men and the same machines. And yet our

attention is directed to the fact that the substitution of a 25- for

a 40-watt lamp will save half an ounce of coal in one hour—that

amounts to nearly a ton in a hundred years ! Let us lighting

men offer our services to our Government then, not for curtail-

ing a non-existent luxury, but rather for applying better light

and more light to winning this war—for utilizing light as a real

weapon for victory.

W. D'A. Ryan : We are urged to economize in the use of

light mainly for two reasons : to save coal and for psychological

effects, while the actual coal saving made possible by the extinc-

tion of electric signs is small in comparison with practical sav-

ings in other directions ; nevertheless it is our duty to economize

wherever possible in order to assist in the successful prosecution

of the war.

I am particularly interested in the statement that the average

estimate of thirteen engineers engaged in lighting work indicates

that the present standard of illumination should be raised approx-

imately 73 per cent, in order to conform to their ideas as to

desirable intensities. This is certainly very conservative. It is

my personal opinion that both industrial and street lighting inten-

sities could readily be increased from 100 to 200 per cent, with

marked advantages to all concerned.

At the present time, manufacturers and industrial workers are

being educated, under forced draft, so to speak, in the use of

more and better light and as a result I believe we will find that

say five years after the close of the war industrial lighting in
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this country will be at least 150 per cent, higher intensity than

at the beginning of the war.

I recently had occasion to compare some of the modern light-

ing installations with lighting recommendations which we made
in the years 1901, 1902, 1903 and 1904. These included machine

shops, textile mills and manufacturing plants in general, lighted

mainly with arc lamps, concentric diffusers and concentrating

mirror reflectors in high bays, which anticipated the present semi-

indirect and direct lighting systems. It was interesting to note

that ^ watt per square foot was the average energy recom-

mended for advanced lighting in the period mentioned. This

figure has remained constant, but the foot-candle illumination

to-day will run three or four timec as high, showing that the

increase in efficiency of lighting units and improved reflectoring

has been fully utilized without compromising on the power con-

sumed. A general increase to ij4 or even to ij/^ watts per square

foot with present unit efficiencies is absolutely justified and

should not be regarded as reaching a point of extravagance.

As Mr. Millar points out—street lighting generally is inade-

quate and only an insignificant proportion of the streets are

lighted to such an extent as to make it advisable to curtail light-

ing even in the times of fuel shortage. It is just as important

to keep our principal streets well illuminated for police protection

and the minimizing of accidents as it is to employ protective

flood lighting for industrial plants. An eastern city recently

reduced its so-called white way street illumination in addition

to cutting off the signs, for three nights, and crime and nuisance

had increased so much that it was necessary to restore the regular

street lighting service. I feel that it would be unfortunate if it

becomes necessary to make further curtailment of street lighting,

especially in the case of water power operated plants where there

is sufficient energy available to take care of increased manufac-

turing demands.

W. H. R01.INSON : I am heartily in sympathy with all of the

statements made by the author of the paper. I believe the paper

should have publicity. There are a good many among us who
can give this paper national publicity and I think it would be
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well if they would consider seriously the propriety of making
such distribution.

W. J. Hammer: Dr. Lloyd brought up a point which struck

me very forcibly and that was the necessity of stimulating the

saving of coal in our homes as is done in the methods of food

conservation employed by the Food Administration.

The facts should be strongly brought home to the masses, that

they should use their fires more intelligently and efficiently, shut

off or bank their fires when not needed, prevent escape of heat

and keep down the temperature of their overheated rooms; they

should also turn off unnecessary lights and where practicable

using smaller units of light, they would thus enormously assist

in that conservation of coal which is of such paramount impor-

tance at the present time.

Norman Macbeth : I feel as Dr. Lloyd stated that the effec-

tiveness of these conservation bulletins depends upon the extent

to which they reach and are given attention by the individual.

From the standpoint of the individual householder certainly very

much greater coal savings can be effected along the line of con-

servation of heat with weather stripping, storm windows, elimi-

nation of excess radiation, and the maintenance of lower tem-

peratures generally, rather than through savings of light, even

to the extent of the hardship of going without light altogether.

The coal that would be saved in my home through reduction

or elimination of lighting service is certainly not the kind of

coal that could be used in a house-heating boiler. If a saving of

one shovelful of coal per day per household will result in a total

annual saving of 15,000,000 tons, and the saving which must be

accomplished is 50,000,000 tons, I estimate my saving on the

basis of 150,000,000 tons. This saving was effected generally in

three ways. The steam mains in the basement were bare and

painted black; on the advice of the consulting heating engineer

that by properly heating the basement you could more easily

warm the rest of the house. I reduced the radiation from this

piping with sectional asbestos covering which I put on at a slight

expense and which has resulted in the reduction of coal consump-

tion of at least 25 per cent. Then, in one room which was not



152 TRANSACTIONS I. E- S. VOL. XIII, NO. 2, MAR. 20, I918

used and in two bedrooms, the radiators were turned off. Closer

attention was also given to damper regulations and the main-

tenance of a temperature not exceeding 68° in those rooms where

the radiators were in use. By the use of heavier underwear we
can easily get along with very much lower temperatures than are

used in most homes. It seems to me unfortunate that the Cham-

ber of Commerce bulletins gave so little attention to these impor-

tant means of coal conservation in comparison to the importance

attributed to saving by a reduction in the use of light.

A great deal of attention has also been given to curtailment of

display lighting, a large part of which, if not all, is a form of

advertising. There can be no question raised at this date that

advertising electrically justifies its cost. If the stand is taken,

however, that any form of advertising which results in an expen-

diture of fuel should be curtailed, then I believe that attention

should also be given to the display advertising in magazines and

newspapers, a comparatively few pages of which are exclusively

editorial. A single saving of 15 to 30 minutes in the running of

a large newspaper or magazine press once a month would save

sufficient fuel to light the average house for an entire month.

The curtailing of large display advertising in the newspapers

and magazines would more than offset the energy required for

the electric signs of small merchants who cannot afford to adver-

tise in the newspapers.

Mr. Millar had an exceedingly difficult subject to handle that

it might not appear that his paper was merely a protest against

interference of the business of the central station. The point

should not be overlooked, however, that there are many thousand

people who are conscientiously curtailing the use of light and

believe that they are thereby doing their best in this conservation

of fuel movement. Light should not be used extravagantly but,

as stated above, it is very easy in approaching this subject from

the heating end, to effect a saving many times greater than would

result with a 100 per cent, saving in light.

Wm. J. Se^rrili. : In reading Mr. Millar's very interesting and

valuable paper, I have been struck with the wide difference

between the estimates made by the experts he consulted, as to the

amount of lighting that is needed in normal times, as compared
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with their estimates of what is needed in war times. These esti-

mates place the proper amount of Hghting in normal times at

73 per cent, higher than at present, while in war times they place

it at 3 per cent, lower than at present. I am wondering whether

the estimators in arriving at the latter figure, were not influenced

by the present extreme condition of coal shortage. When these

estimates were made, the coal shortage in the country was at its

height. If it were believed that such a condition were to con-

tinue throughout the war, of course, a 3 per cent, decrease in

lighting would not be unreasonable. But no one believes that

such a coal shortage will continue, or will even repeat itself next

winter. Therefore, if this table is intended to represent what

should be the reduction below present lighting throughout the

period of the war, I question whether there should really be any

decrease whatever.

I have some sympathy with Dr. Cutler's remarks about white

way lighting. While I believe that white way lighting is desir-

able and of advantage to any city, yet I wish it could be made
more artistic than it generally is. The enormous signs that are

needed in order to produce the grotesque effects aimed at are a

defacement to the buildings on which they are erected, during

daylight, and at night the effect is generally far from artistic.

The development of flood lighting on a commercial scale permits

of a very artistic illumination of the facades of buildings. It

would be interesting to see a section of one of New York's prin-

cipal thoroughfares treated with a flood of light in such a way as

to make the most beautiful effect by night, and to produce the

least possible defacement of the thoroughfare by day.

It will be noticed that Mr. Millar has confined his paper to

electric lighting. He has told me that the time at his disposal in

the preparation of the paper was too short for him adequately to

consider gas lighting. As gas lighting is largely confined to resi-

dences and to the interiors of stores and industrial establishments,

it is not materially affected by the rulings of the Fuel Adminis-

tration, and consequently, there is little impropriety in omitting

it from the discussion. Roughly speaking, about 4,000,000 tons

of coal per year are consumed in gas lighting.

R. E. Simpson : I have made an effort to find out whether or
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not the order of the Fuel Administration and the agitation for

light curtailment has had any effect on the accident rate, but

reports are coming in slowly. There were one or two instances

which may or may not be symptomatic. One man, in whose

hands is placed the direction of a score of mills, evidently im-

pressed by the press agitation for light curtailment, sent out

instructions to cut down all unnecessary lighting. Some of the

foremen in their endeavor to carry out the manager's plans shut

off the lighting of the stairways, passageways, and other unfre-

quented places about the mills. The result was an appreciable

increase in the accident rate, principally from falls, at the un-

lighted sections. This policy was brought to a climax when one

workman was caught by a revolving shaft near the floor in an

unlighted section and was killed. It is not difficult to analyze

the lesson to be drawn from this accident. By shutting off the

light at this point probably 5 pounds of coal at the most was

saved daily. This may be placed on the credit side. To offset

this, however, one man's life has been sacrificed. His dependents

will have a hard struggle for existence and may be a burden on

the community. The nation at a time of vital need has lost one

of its producers. This, then, is the price paid for saving a few

pounds of coal a day. The compensation to be paid for that one

accident will be sufficient to pay the lighting bill for the entire

mill for a period of 17 months. That is a form of saving that is

short-sighted and of course represents false economy. It seems

advisable then to give due consideration, not only to the item of

saving, but also to the ultimate price to be paid before light cur-

tailment is enforced.

S. E. DoANE: The lighting business of this country has in-

creased more rapidly this last fall than ever before in the history

of the business. In other words, in spite of the fact that we are

trying to economize on lighting, the building of ship yards, the

running of factories at night, the building of those thirty-two

big cities in which many of our soldiers live under electric light

for the first time and many other things have tended to increase

the use rather than decrease it. I don't know how we can better

serve our industries than to make that fact very clear, that the

solution of our problem does not lie in curtailment of lighting.
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but to the efficient use of more light than we now employ. We
can look forward to no saving of coal, but on the contrary to a

greater use of coal than ever before in our history for lighting.

Of course we want to conserve all the energy that we can by

efficient lighting for we shall need all we have. Consequently it

is up to us to save light all w^e can. But I think that the Illumi-

nating Engineering Society ought to make it very, very clear that

the methods of the food conservation departments and commis-

sions should emphasize that the place to save fuel is in the home,

that the services of the women who have been so patriotic in their

Red Cross and their food conservation efforts, should be enlisted

to save fuel. We, as engineers, ought to offer our services to the

community to bring home to every individual in it the fact that

the saving of fuel must be undertaken as a national duty.

Walton ForstaIvI.: A lower temperature might easily be

maintained in office buildings with a certain amount of inspec-

tion. If instructions should be sent out to the managers of office

buildings that they should not be heated to more than 67°, much
more fuel could be saved in this way than by curtailing lighting.

In most of the office buildings and homes with which I am
familiar the waste of coal by overheating is tremendous.

W. H. Gartley : In talking about the educational idea—edu-

cating the people—I was present at a conference in which Dr.

Garfield made some statements in the earlier part of his tenure

of office, and when the question of curtailment of display electric

light sign lighting was in his mind, the question arose whether

it would not be a good thing to reduce the amount, because, as

he said, of the psychological effect. Dr. Garfield at that time

had an idea that the amount of coal that was used in display

lighting was larger than he afterward found it to be, on the

statement of men who were at least as reliably informed as any-

one could be; and his predecessor, Mr. Peabody, also made the

statement before, that there was going to be a very large amount

of saving due to the curtailment of sign lighting. At that time,

the men who were present and were acquainted with the electric

light field, made an estimate of about how much that would

amount to per family per year. It was something like 4 pounds

5
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of coal to each family, if all the display sign lighting was elimi-

nated. Then, I think afterward they rather increased that per-

haps 50 per cent. But the psychological effect was that a great

many people who thought they knew, had to modify their views

as to what a tremendous amount of energy was used in sign

lighting. They did not realize that these bulbs were very small

lights. My thought was in asking Mr. Millar whether there had

anything come up in New York as to the result of this sign light-

ing. New York City has it in accentuated form. The fact of

the matter is that this severe winter that we have gone through

has apparently brought home to a very large number of people,

who have been living in the cities, the necessity of reducing the

expenditure for lighting, and from the data that we have in con-

nection with the gas business, it appears evident that they found

some means of doing it.

C. O. Bond : I think that Mr. Gartley perhaps had in mind the

same thought as I had when he inquired for information on the

psychological effect of light curtailment. It will be very difficult

to get into the mind of a man who actually has no coal in his

own home and cannot keep his family warm, that garish sign

lighting—demonstrating bottles of beer pouring out, and so on

—

should go on during a time of shortage of fuel. Those contrasts

are bound to be noticed. People must conclude that there is a

waste of energy and fuel in a case like that, and while they are

likely to regard the energy waste as a great deal more than it

really is, still the lighting companies ought to hold themselves

as exemplars in time such as these, and reduce clearly unneces-

sary lighting in an attempt to meet the Government's require-

ments and as an incentive to others to do the same thing.

On page 123, Mr. Millar has offered to me a very striking

suggestion, where he speaks of recent tests made in a machine

shop in Chicago, where, by increasing the lighting intensity from

4 to 12 foot-candles, the efficiency of operation has been increased

by something like 15 per cent. If there is any place in industrial

work to-day where the man works at a disadvantage, it would

be in a place where his entire surroundings are black and illumi-

nation is very, very poor. That is exactly the condition we meet

with in our coal mines. Therefore, if you can work out some
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scheme by which your mine lighting can be made three or four

times better, you can get perhaps a 15 per cent, increased coal

output amounting to millions of tons

!

Regarding the propaganda for fuel conservation in the home:
You send a tag around to my house to be tied on the shovel, but

the person who uses the shovel may not know much about the

economies possible in operating his heater. You go down to

shovel on coal ; open the draft ; and later on, when the fire burns

lower, you put on more coal, and so it goes on all day long.

Have you shown them the proper position of the draft, etc.,

through the public press or pamphlets, and suggested to them

where to place their thermometers, and whether the cellar win-

dows are to be kept open or closed? All that sort of thing is

important information to give out and to use toward accomplish-

ing the end you seek.*

Wm. LeRoy Robertson : I have had the pleasure of making

a study of the effect that "daylight saving" will have on the elec-

tric lighting in Philadelphia, and I might say that if the clock is

advanced one hour, the net saving in the lighting load alone will

be about 6 per cent.

If a curtailment in electric lighting of 3 per cent, will save

340,000 tons of coal a year, as pointed out in Mr. Millar's paper,

and assuming that the effect of "daylight saving" in Philadelphia

is representative of the effect throughout the country, then the

6 per cent, gain by "daylight saving" will save an additional

680,000 tons a year for all electric lighting. This is based, how-

ever, on adopting "daylight saving" the year around ; if adopted

for six summer months only, then less than half of this amount,

or about 270,000 tons would be saved, since lighting loads are

not as large in summer as in winter.

Another important point relative to the effect of "daylight

saving" is the reduction of the peak load on the electric light

plant to the extent of probably 15 per cent, at least. This reduc-

tion will occur only should "daylight saving" exist during the

winter months. This means the liberation of an equal percentage

of plant capacity, which will be immediately available all over

* It is interesting to comment that about 10 days later, in Philadelphia, such a cam-
paign of information and instruction began,,
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the country for industrial power loads, which during war times,

is a valuable governmental consideration. To obtain such ca-

pacity by erecting new plant equipment requires considerable

time and consequently involves serious delay when considering

governmental work.

Geo. a. Hoadi^ey : One of the savings mentioned in the paper

is that resulting from reducing the temperature of our rooms

from 70° to 69°. This saving is stated to be 3,000,000 tons. The

point I want to make is that the difference between 70° and 69°

is so little that no one could perceive it. If the difference of

only 1° is going to make these 3,000,000 tons of saving, why
can we not better afford to cut off, say, 5°, and save 15,000,000

tons.

In regard to the matter of daylight saving, there is only a

small portion of the year in which it would seem applicable to

industrial occupations. Take our shortest days, for example

:

we light both ends of them in industrial work. The contention

is that there would be a great deal of saving by shifting the

clock one hour. We could accomplish practically the same thing

by equalizing, or more nearly equalizing, the amount of time

given before and after the noon hour, assuming that we give an

hour at noon, or less. If we would work earlier, I do not know
w^hy it should be necessary to change the clock.

G. B. Regar: I do not approve of a change in the intensities

of illumination at this time, either increase or decrease. I think

that the most efficient lighting, however, should be favored in the

industrial plants, and, of course, an increased intensity where

necessary; but if a true economy can be practiced in the homes,

office buildings, hotels, theatres and stores, I feel that it should

be carried out, and as stated before, the sooner we all co-operate

to win the war, the sooner it will be over and business will be

back in the condition that it belongs.

H. Cai^vert: Judging from the title of the paper, one would

infer that Mr. Millar was speaking of lighting from all sources.

Actually, he has confined his figures entirely to electric lighting.

Therefore, to the 340,000 tons which might be saved from electric

lighting should be added the saving which it may be possible to

effect in gas lighting.
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E. B. Mye:rs: Mr. Calvert has asked what annual saving in

coal could be made by a reduction in the amount of gas lighting

now being used in this country. Data published last year by the

U. S. Geological Survey show that in this country there is used,

each year, in the manufacture of gas, that is, gas marketed and

sold, a total of 28,000,000 tons of coal and coke. This quantity

includes anthracite and bituminous coal and coke. There is,

however, returned to the market for sale, a total of 17,500,000

tons of coke, which is the equivalent of more than an equal

weight of coal. Subtracting this 17,500,000 tons from the total

of 28,000,000 tons, we arrive at a net figure of 10,500,000 tons

used up in the manufacture of gas. It has been estimated by

various authorities that 30 per cent, of the total quantity of gas

manufactured is used for lighting purposes; 30 per cent, of the

10,500,000 tons, or 3,150,000 tons of coal are used for gas light-

ing. Therefore, if we reduce the quantity of gas lighting by 15

per cent., we conserve 473,000 tons of coal per year, and if we
reduce the quantity of gas lighting by 3 per cent., we conserve

95,000 tons of coal per year. The ton used in these remarks is

the short ton.

Arthur J. Rowi^and : There is an especially important prob-

lem of coal conservation locked up in the light supplied by iso-

lated industrial and manufacturing plants. Here the economy

in the use of coal is notoriously bad ; and yet that fractional part

which is used to supply the energy for transformation to light

is very hard to get at; it is sometimes counted as a by-product

in the heating of the buildings. Is this the place to consider the

small dynamo plant and its inefficiencies? The thing of impor-

tance to the country to-day is not what is the cheapest way to

get light, for that may indicate the use of an inefficient isolated

plant, but how to save coal. This is a very different question.

Unit Rasin : I have paid a great deal of attention to lighting,

and I want to say that I think the attitude that Mr. Millar has

taken in this paper called for a good deal of courage, because I

think that the popular mind is against his theories as expressed

here. The whole intent of our sign lighting is the spectacular;

its appeal to the eye. When we think of something to cut out,

our minds fly right to the spectacular but innocent sign. I do
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not think it is the intent of this paper to minimize this possible

saving of several hundred thousands of tons of coal, but rather

to correct the popular impression that the small curtailment of

lighting is going to make for a tremendous saving of coal. Don't

let us lose sight of exactly what Mr. Marks has said (following),

and what Mr. Millar has pointed out ; that we must not diminish

but should increase the intensity of lighting for industrial use.

We have had a most difficult time in making manufacturers

understand the necessity for more light. Manufacturers are

beginning to see the necessity of really having adequate light in

order to increase production and decrease spoilage. I think we
can take it for granted that there will be no misunderstanding as

to the necessity and sincerity of purpose in recommending certain

increases in lighting at a time when everybody is doing every-

thing they possibly can to save coal.

F. N. Hamerstrom : The suggestions made for saving coal

by curtailing heating and by improving the combustion of heat-

ing appliances are valuable and will no doubt be appreciated by

the Fuel Administration, but it also expects this Society to co-

operate by advocating the saving of coal where possible for

making light. Every one seems willing to agree that in these

times we need more light, and that there is little opportunity to

curtail. Our problem is to meet the need for more light with

less coal.

Mr. Millar states that substituting modern lamps for less effi-

cient lamps in use will effect a saving of coal. This point might

stand more emphasis than has been given it. Carbon filament

electric lamps require much greater percentage of current than

the more modern tungsten filament lamps, and the customer is

slowly becoming educated to buy the more efficient types. Not-

withstanding all this, we are told that 26,000,000 wasteful carbon

(or Gem) filament lamps were made and sold last year. With-

out curtailing light, coal might be saved by inaugurating active

campaigns against carbon lamps.

A tremendous population is dependent upon gas for illumina-

tion. If all gas light were produced by means of efficient mantle

lamps in place of partly by open-flame gas burners, a big saving

in fuel would be effected. A U. S. Government report entitled
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"Artificial Gas and By-products in 191 5," by C. E. I^esher, states,

in rounded off figures, that 284.4 billion cubic feet of artificial

gas was manufactured in that year, and that 30 per cent, of this,

to be conservative, was used for gas lighting. A paper recently

read before the Indiana Gas Association gives the proportion

from 30 to 40 per cent. Several important gas companies have

estimated 45 to 50 per cent., and one company has estimated that

53 per cent, of the gas it makes is used for light.

The saving which would result in replacing open-flame burners

with mantle lamps could not be estimated accurately, as there is

little or no data available. The U. S. Bureau of Standards is

authority for the statement found in Circular 55, ''Measurements

of the Household," that from five to seven times as much gas is

used where open-flames are depended upon for light. Granting

that there may be many more mantle lamps in existence (a ques-

tion open to doubt), it does not seem unreasonable to calculate

that the open-flame burners in use consume at least over half of

the amount burned for light, or, in other words, one-sixth of the

total gas manufactured, or 47.4 billion cubic feet.

Using U. S. Bureau of Standards' minimum for the calcula-

tion, efficient mantle burners would produce as much, or more,

light with one-fifth of the gas; thus saving four-fifths of the

47.4 billion cubic feet estimated consumption of open burners in

use, or a saving of 38 billion cubic feet of gas, and all the coal

and oil required to make it.

Taking into consideration changed conditions since Mr.

Lesher's report of 191 5, comparisons would be still more favor-

able to good mantle lamps, for it is only reasonable to assume

that unless open flames are displaced, the gas consumed by such

burners will after 1917 increase fully one-third on account of

the reduction in open-flame candlepower of about 25 per cent.,

due to lower candlepower values already allowed by commissions

in many localities and contemplated in others.

Adhering to the previous method of calculation, without mak-

ing any allowance for natural increase of the business which may
have taken place since 191 5, an annual saving of 57.7 billion

cubic feet would be the result.

An aggressive campaign to install mantle lamps will enable
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the gas company to give people a great deal more light, which

conforms to Mr. Millar's ideas as to what is really needed, and

will, at the same time, effect a very considerable saving in gas,

coal and oil, requested by the Fuel Administration.

Iv. B Marks (Communicated) : I wish emphatically to en-

dorse the conclusions reached by Mr. Millar and to express my
appreciation of the painstaking work he has done to enlighten the

community on this very important and timely subject of dis-

cussion. Both the author and the Society are to be congratulated

on presenting at this critical time an authoritative treatise that

should serve to guide the Federal administration in making rul-

ings relating to the curtailment of lighting.

Industry in general is absolutely dependent upon artificial light

for a large percentage of working hours per year, from the triple

standpoint of getting out the product, minimizing spoilage and

minimizing accidents. For well-known reasons, it is difficult to

determine quantitatively the effect of lighting on these three

points, but such quantitative determination is not important, in

the present emergency, because every up-to-date manufacturer

has been convinced by experience that he cannot afford to cut

down his lighting without sacrificing production and increasing

spoilage.

There is one item upon which I should like to lay further stress

in this discussion, and that is the serious aspect of lighting cur-

tailment as related to accident prevention in the industries.

In the factories, mills and other work places which I have

served professionally during the past twenty-five years, the im-

portance of good light as a factor in accident prevention has been

taken as a matter of course. This covers not only good lighting

facilities, but the maintenance of good lighting throughout the

working period.

I hold that in the present exigency, general curtailment of light

in the industries would be disastrous, and that on the contrary,

there is real need of increasing the light and of utilizing it to

better advantage.

I estimate that in the State of New York approximately 50

per cent, of the factories, mills and other work places are still
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illuminated by the antiquated system of local illumination, not-

withstanding the fact that it has been conclusively proven that a

good general illumination of the shop is necessary from the triple

standpoint mentioned above. This same situation with regard to

prevalence of strictly local lighting holds with comparatively few

exceptions for most of the eastern states. I cannot speak for

the West.

One result of localizing the illumination on the machines or

work-benches while leaving the aisles, passageways, etc., unlighted

except for stray light from the local lamps above referred to, is

that the accident rate is increased.

It is commonly supposed that most accidents in shops occur at

the machines or work-benches. Investigation of this subject has

revealed the fact that approximately two-thirds of the accidents

that occur in shops take place not at the machines or work-

benches, but in transit from one part of the shop to the other,

or in approaching or leaving a machine or work-bench.*

I regard this matter as of the greatest importance in the pres-

ent emergency because a curtailment of light would unquestion-

ably result in a lessening of the general illumination required for

safety. By general illumination, I mean the illumination over the

whole working floor area as distinguished from the illumination

of the machines or work-benches. As stated above, the general

illumination by artificial light is now inadequate in a large pro-

portion of factories, mills and other work places. It is, there-

fore, to be expected that an increase in accidents would follow

the curtailment of lighting under present conditions.

If for any reason a curtailment of lighting in the industries

were ordered by the Government, steps should be taken to inform

the industries of the additional danger of accidents involved in

lessening the general illumination.

The standards for safe illumination are available in the Code
of Lighting Factories, Mills and Other Work Places, published

by the Illuminating Engineering Society, and in the Codes of

Pennsylvania, New Jersey, Wisconsin and Ohio.

* See "Industrial Accident Prevention;" statement by Mr, Beyer of Massachusetts
Employers Insurance Association. Also Bulletin 0/the Industrial Commission 0/Wisconsin
Aug. 4, 1915. Also Economic World, Sept. 18, 1915; statement of Mr, Hansen, Secretary
Workmen's Compensation Service Bureau.
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A. Iv. P0WE1.1. (Communicated) : Mention has been made of

the psychological effect of lighting curtailment. The general

impression is that this is a beneficial effect. One phase of the

question has been very forcibly brought to my attention and

leads one to wonder whether the game is worth the candle.

As the result of an extended, well-applied propaganda on the

part of the Illuminating Engineering Society, manufacturers of

lamps and lighting equipment and the managements of industrial

plants have begun to realize the importance of correct lighting.

This educational work has been a slow, uphill proposition, and

was just about beginning to bear fruit. Witness the industrial

lighting codes adopted by some states and under consideration in

a number of others.

The nature of my work leads me to call on many manufactur-

ing establishments. A few months ago it was not extremely diffi-

cult to convince the shop superintendent that good lighting is an

asset rather than an unavoidable expense. Since wide publicity

has been given to the apparent necessity for curtailment of light-

ing a very different attitude is encountered. You have an initial

impression to overcome. Your problem is first to overcome this

rather than to consider what should be installed properly to light

the shop. If you argue that the saving in reality is ridiculously

small you seem unpatriotic in view of the warnings sent out by

the coal administration and others.

This situation is far more serious than it seems. I recall

inspecting one shop which was formerly excellently illuminated

by medium sized efficient lamps with well-designed reflectors.

To my amazement these lamps had been removed, a considerable

amount of additional wiring installed, and bare inefficient lamps

had been hung directly in the line of view over each machine.

On inquiry as to why these changes were made, I was informed

that the management was very patriotic and desired to do every-

thing to help the Government in its emergency. The plant elec-

trician had a false impression that it was essential to hang the

lamps near the work and had removed the reflectors because, as

he stated, "they absorbed light." These conditions need no

comment.

Everyone interested in better lighting cannot help but deplore

such an unfortunate situation as we now find in industrial plants.
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We should go on record in regard to this and do our best to

overcome the erroneous impressions which have been created.

DuGAi^D C. Jackson (Communicated) : The standards of

illumination before the days of coal stringency were gradually

coming toward a reasonably satisfactory figure, but in general

they were not as high as they ought to be (omitting the consider-

ation of war conditions) in these times of highly efficient light

production. Suitable artificial illumination is one of the great

factors in the maintenance of our characteristic civilization. For

these reasons we should expect something of an increase in the

amount of illumination as compared with the past, if it were not

for the war times.

The way to abate unessential illumination is to abate decora-

tive and display lighting, lighting on the streets not necessary

for aid to the police and safety to pedestrians and drivers, and

to urge that all other lights shall be turned oif when not actually

in use. For instance, in the ordinary home, lights will be left

burning merely as a matter of convenience, or as a matter of

providing a pleasant appearance. This is all very well in ordi-

nary times, but in these times lights should be turned off when-

ever not actually needed for a specific purpose, and then turned

on again when the need again arises.

F. A. Vaughn (Communicated) : There are many greater

possibilities for saving substantial amounts in coal through prop-

aganda and education in connection with fuel engineering, com-

bustion engineering and steam engineering, than can be realized

through any savings that can be effected through illuminating

engineering, except, of course, the savings that come from more
efficient lighting rather than less lighting.

My own idea of this matter is, that I would like to see a

nation-wide campaign against the tremendous wastes in coal, in

the coal pile, in the boiler furnaces, and in the live and exhaust

steam utilization, and would rather postpone any substantial cur-

tailment of lighting, because of the season of the year and the

comparatively small effect that we can have on the total actual

consumption of coal before next fall. As the days are getting



l66 TRANSACTIONS I. E- S. VOI,. XIII, NO. 2, MAR. 20, I918

longer, the saving until then would be comparatively small (even

smaller than Mr. Millar's figures show), and I would, therefore,

suggest postponing action on this item until fall at least, and

curtailing then, if necessary; in the meantime concentrating on

larger items.

In war time we are in greater need of our already inadequate

industrial, school, home, and street lighting than ever. Police-

men, soldiers, fathers, and other protectors are at the front.

Speeded up production is more urgently necessary, and there is

therefore apparently little room for curtailment of lighting in

places which are the source of this production.

Of course, if any curtailment seems absolutely necessary, I

would advise the cutting down of display lighting and other

"ornamental" kinds of lighting, but not any of the lighting in

spaces where actual eye-work is carried on, especially if it affects

in any way the production of munitions or other essentials.

Arthur J. Sw^ET (Communicated) : Light is primarily to be

considered as a tool in industrial, clerical and household activity,

and as a protective agent in exterior lighting, corridor and stair

lighting, etc. Where intelligently so used, its curtailment repre-

sents waste and injury to the nation in its present crisis rather

than economy. It can no more be justified than could the use

of inferior tools in industrial work.

Current consumption standards are occasionally too high in

lighting service which has not been designed by competent engi-

neering ability. Illumination or lighting standards are so seldom

too high, however, that the few cases where they are too high

can be ignored.

The only exception to the above generalizations is, in my
opinion, in the field of advertising lighting. I am heartily in

accord with the extensive curtailment, possibly even the 100 per

cent, curtailment of advertising signs and possibly with some

curtailment of show window lighting. I am in favor of some

curtailment of ornamental lighting, but not to any point which

affects the utility of the service to such degree as to involve any

appreciable decrease in the safety from collision or the safety

from attack afford.

Beyond the above points, I believe the curtailment of lighting
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would be contrary in every way to our national interests. Rather,

the emphasis should be on improved lighting standards, particu-

larly in industrial lighting. Of course, lighting installations

should be laid out with adequate application of our engineering

knowledge, so as to avoid unnecessary wastes; but the national

interests will better be served in my opinion, by improved light-

ing, especially in the industrial field, which improved lighting

will, on the whole, involve the expenditure of more rather than

less energy. In office and general clerical work, there should be

on the whole no decrease in energy employed for lighting, though

the desirable increase is not as great as in the industrial field. In

home lighting, economy in not burning lamps in unused rooms

should be observed, but it is now generally so observed, and

there is therefore very little opportunity for increased economy

in this direction. The total quality of the service provided in

the home should not be decreased.

I feel that the illuminating engineering profession is failing

to rise to its opportunities at this time in emphasizing, in a way
which will reach the consciousness of practically every citizen,

not that lighting should be curtailed (except perhaps advertising

lighting), but that wastes of energy in lighting service should be

eliminated by the application of well-established engineering prin-

ciples and that, in addition to the energy made available by such

curtailment of wastes, the total consumption should in many
cases be increased in order to make more effective the man-power

of the nation both in productivity, reduced spoilage, and reduced

impairment of the eyesight which is vital to future productivity.

P. S. Miivi^AR (In reply) : The paper has served one of its

purposes in that the discussion which it has elicited has covered

the subject quite thoroughly. Among those who have partici-

pated there is practical unanimity to the effect that we should all

co-operate to save coal where practicable through the elimination

of waste in lighting, and possibly, if the emergency warrants,

through curtailment of lighting. It is agreed, however, that our

utmost efforts will effect only a very small saving in coal. The
country must look elsewhere for the larger savings in coal which
have to be accomplished. The representative character and diver-
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sified view-points of the men who have contributed to this dis-

cussion bear testimony to the vaUdity of this conclusion.

There was some adverse comment on Bulletin No. 5 of the

Committee on Coal Conservation of the Chamber of Commerce

of the United States which is appended to the paper. This Bul-

letin is included because it points out five ways in which coal can

be saved through attention to artificial lighting practice. We are

all in accord in our desire to effect such savings. The Bulletin

can be made useful in this effort. I fully agree with criticisms

of the Bulletin on the score that it devotes only two paragraphs

to saving coal through attention to building heating practice,

where large savings can be effected, while devoting five para-

graphs to lighting where but small coal savings are possible. We
desire to join with the Chamber of Commerce Committee in urg-

ing elimination of waste through lighting, while seeking to place

various forms of waste of coal in their proper perspective, to

the end that the largest savings may be effected as a result of

directing effort into channels of greatest potential saving.

Mr. Gartley has asked for information on the psychological

effect of electric sign extinction in New York City. On this

point I have nothing but my personal opinion which is worth no

more than that of any other observer. It is my opinion that the

effect of occasional extinction has been good. It is proper and

helpful to remind the people that we are at war, and that their

efforts must be directed toward sober achievement. I have

understood, however, that the purpose of sign extinction has

been to save coal and not to accomplish any psychological effect.

As a coal saving measure I have seen the statement attributed

to the Fuel Administration that the extinction of all sign lighting

in the country two nights per week in the course of a year is

expected to reduce the consumption of coal by about 250,000

tons.

Some comments have indicated that the paper shows little

respect for small savings. I do not want to create that impres-

sion. The public, however, has gained the impression that large

coal savings are to be effected through lighting curtailment. The

newspapers foster this idea. As recently as the first week of

January, the Fuel Administration was responsible for the state-

ment that "there is an enormous waste of coal due to extrava-
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gant and reckless use of electric lighting." The amount of atten-

tion devoted to coal saving through lighting curtailment by the

Fuel Administration, the public press and the public in general,

is in my judgment out of all proportion to its importance as a

coal saving measure. It has seemed to me therefore important

to emphasize the fact that the saving of coal through curtailment

of lighting is relatively insignificant. In devoting an undue pro-

portion of effort toward lighting curtailment, there is danger of

neglecting to accomplish much larger savings in other directions.

For the many favorable criticisms upon this paper and for the

appreciative comments of a number of the speakers I extend my
thanks.
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THE VAI.UE OF ILLUMINATING ENGINEERING TO
THE GAS INDUSTRY.*

BY ROBERT ffRENCH PIERCE.

The activities of the public utility as directly affecting the con-

sumer are two-fold—engineering and commercial—the rendering

of service and persuading the consumer to purchase the service.

The relative scopes of engineering and commercialism have

never yet been defined to the entire satisfaction of many individ-

uals, and while the line of demarcation is at certain points indis-

cernible, it will be worth while to attempt, at least, a more work-

able and practical definition than has yet been offered.

Engineering, as defined by Tredgold and accepted by the public

in general, is the controlling of natural forces for the benefit and

service of mankind. Anything which has directly to do with

transforming, modifying and utilizing the heat of coal, gas or the

potential energy of the waterfall for heat, light or power comes

within the province of the engineer. The manner in which the

transformation should be accomplished, the form in which, and

the conditions under which, the transformed energy should be de-

livered to the consumer, and the manner in which the final prod-

uct—light, heat or power—should be used by the consumer, are

purely engineering problems, concerning which no one but the

engineer is competent to exercise authority. In exercising this

function the engineer must co-ordinate and effect compromises

among many and diverse fields of knowledge and endeavor. In

the case of lighting he must have due regard for the facts ob-

tained and set forth by the psychologist, physiologist, ophthal-

mologist, photometist, physicist and chemist and still observe

the usages and practices which govern all activities into which

economic considerations enter—legal and financial. Engineering

is after all, simply the common-sense intelligent way of weighing

* A paper prepared under the auspices of the National Commercial Gas Association,

for the 1916-17 Correspondence Convention of the Illuminating Engineering Society, and
circulated among members of the Society and others who were thought to be interested.

This paper was also presented by the author before the New York Section Novem-
ber 8, 1917.
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and balancing these factors, in order to secure the greatest ulti-

mate common good, and existing engineering practices and

methods do exist simply because they have been found the best

and most effective means of securing these results.

The object of commercial activities is to persuade the customer

that the service provided is sufficiently desirable to justify the

price asked for it and to maintain those pleasant relations between

the company and the public upon which the continuous and in-

creasing inclination of the latter to purchase the product of the

former may be maintained indefinitely.

Between intelligent men who understand their limitations there

can be no great conflict of opinion as to the proper spheres of en-

gineering and commercialism. It is only when one or the other

attempts to extend his jurisdiction beyond his legitimate territory

that friction arises. When the engineer restricts the expansion of

the business by emphasizing economy at the gas house to such an

extent that the service suffers, and when the commercial man fails

to exercise his positive functions as a seller of service, and retro-

grades into the merely negative of an order-taker, selling

merely what the consumer thinks he wants, the business suffers.

Thus the engineer is a maker of service—the commercial man
a seller of service. But what is service? Does it consist solely

in maintaining courtesy in the complaint department, and in dis-

patching a fitter by motorcycle within three minutes of a telephone

call indicating a gas leak? A great many people appear to think

that the essentials of service consist in just such things as these.

Service is, whatever is the object of the consumer's purchase.

Rendering the service with an accompaniment of promptitude and

amiability does embellish the service, and these embellishments are

useful and desirable accordingly, but they do not augment the

value of the service to the consumer. These things are merely

the garnishings and decorations of service. They make it look

and so to speak taste better, but add little nutriment.

A tailor may use the best of clothes, the finest of linings, may
employ the most courteous of salesmen and the fleetest and most

resplendently uniformed of messenger boys to deliver his goods;

but unless the clothes fit the purchaser, he has bought 99 per cent,

paprika and i per cent, substantial service.

6



172 TRANSACTIONS I. EJ. S. VOL. XIII, NO. 2, MAR. 20, I918

The service which a lighting company renders to its Hghting

consumers consists of good illumination—adequate, comfortable,

attractive, dependable. What shall it profit the consumer if he

purchase a lamp from the most affable salesman in the v^orld, has

it delivered in the speediest delivery car, and is assured instan-

taneous and courteous treatment of all complaints if, after instal-

lation the light is glaring or inadequate, or improperly distributed ?

He has not bought service, as he thought and had a right to think.

He paid for service and got a misfit. It is quite likely that he is

not sufficiently critical to appreciate the fact, but in this age of

rapid dissemination of popular information, a business founded

upon the ignorance of the public is to say the least precarious.

Of course it is quite impracticable to so effectively supervise

every installation as to ensure good results in all cases, and if

examples of bad lighting due to the customer's ignorance were

by any means infrequent, the practice of lighting companies in

this respect would perhaps be above criticism. But at least 90

per cent, of all artificial lighting is done in a way that reflects

discredit upon the illuminant employed, upon artificial lighting in

general, and yields to the user but an insignificant fraction of the

service which he has a right to expect. A large proportion of

these unmitigated atrocities are installed at the suggestion and by

the advise of salesmen whom it would be comparatively easy to

control in the interest of the consumers eyesight if there were

any inclination to do so. Too often so-called "commercial" con-

siderations—which are really the intrusion of commercial factors

where they do not belong—are responsible. One example, which

is perhaps typical, will illustrate this.

Not long since a commercial manager asked the assistance of

a lighting specialist in securing a contract for lighting a factory.

The proprietor of the factory had become suddenly affluent

through "war orders" and had expected to scrap his open gas

flame lighting and substitute electric lighting. The conditions

made it necessary to use artificial light all day. The work was

exacting in nature, and the operatives suffered to some extent, at

least, from the high temperatures prevailing at the machines. The
proprietor stated as the most important requirements in his esti-

mation : the reduction of heat and the furnishing of a light "easy

on the eyes." Suggestions were made covering the use of a stand-
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ard gas lamp with a standard factory reflector, the lamps being

spaced to provide uniform illumination, and placed 12 ft.

above the floor to reduce discomfort from radiant heat beneath

the lamps. When this suggestion reached the commercial man-

agers desk it v^as rejected as "impractical" on the following

counts

:

1. He had always used "arc-lamps" in factory lighting, and
"^ "guessed" they were good enough in this case.

2. He had a hundred second-hand arc lamps from a rental con-

tract he had just lost, and it would be a crime to spend money for

new lamps.

3. He did not have the recommended reflectors in stock, and

didn't think reflectors were any good anyhow. At all events the

"arc-lamps" had a sort of reflector attached that he "guessed" was
good enough.

4. They had always hung lamps 8 ft. from the floor. The
additional height would make some extra work for the trimmer and

he "guessed" it didn't make any difference anyhoW'

The commercial manager installed the lamps of his own chosing

according to his own ideas, and fitted them with clear globes

(which were more ''practical" it seems.) Three months after

the installation was thrown out because employees complained

of the "heat and glare from the lamps" and the building wired for

electric light.

The conclusions relating to illuminating engineering which the

commercial manager drew from this incident are "illuminating"

to say the least. In discussing the subject some months after-

ward he relieved himself of the following:

1. There was no need for special training in illumination. He
could teach a salesman all the "practical" points in an hour's con-

versation.

2. All engineers, particularly illuminating engineers were "im-

practical" and did not appreciate the necessity for "commercialism."

3. The public was so hopelessly prejudiced against gas lighting,

even though it was better, that it couldn't be sold.

Now the attitude and the frame of mind evidenced by the fore-

going are by no means ubiquitous, but they are sufficiently wide

spread and influential to constitute a very important—in fact the

most important menace to the gas lighting industry to-day. It is

safe to say that at least one-half and probably two-thirds of the

gas-lighting business which has been lost to competitive illumin-
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ants, has been lost as a direct result of this attitude, and could

have been retained through a more enlightened view of com-

mercial problems.

That there has not been an entire lack of prophets in the gas

industry, through most of the prophets have entirely lacked

disciples, appears from some of the earlier transactions of Gas

Associations. In 1887 Mr. E. C. Jones presented before the

American Gas Light Association a paper entitled ''The Relation

of Intensity of Light Visual Perception." In this paper he said

"It may be said that the physiology of vision is not pertinent to

the gas business which we are here to discuss, yet it bears the

same relationship to it as the judge on the bench to a criminal on

trial. To it we must plead our cause and on its judgment de-

pends the success of our industry. A large proportion of the

companies manufacturing gas at the present time style themselves

gas light companies—that is, they morally carry the gas beyond

the meter to the burner of the consumer.'' He also very clearly

explained why it is that quantity of light and illuminating effect as

appreciated by the eye are not proportional to each other.

In the same year and before the same association, Mr. A. C.

Humphreys read a paper on "Illumination vs. Candlepower"

which stated the fundamental physical basis for illuminating en-

gineering. In 1899 Mr. F. N. Morton presented before the same

association the results of a series of subjective estimates of

various lighting conditions—indirect lighting (by gas, by the way)

being among them. In discussing this paper Mr. N. W. Gifford

said "Until recently perhaps, after we had made our gas we
thought there was nothing further for us to do but let our cus-

tomers get the benefit from it. It seems to me it is a step in the

right direction to tell our customers how they can get the best

effects from the light we are selling them.'' Mr. F. B. Wheeler

said "These problems of interior illumination are the most im-

portant that gas engineers have." He also called attention to some

work which represented the beginnings of illuminating engineer-

ing in Germany, and cited an editorial in the "Engineering Maga-

zine" calling gas and electrical engineers to task for their neglect

of this field.

These incidents are cited to show that illuminating engineering

far from being a mushroom upstart possesses all the dignities and
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prestige which are tributary to age. The estimation in which it

has been held by some of the most prominent men in the industry,

as witnessed above, entitle it to the most careful consideration.

There are three obstacles in the way of gas companies who
w4sh to give real lighting service through the medium of applied

illuminating engineering. The first is the widespread opinion

among commercial men that engineering is an activity circum-

scribed by test tubes, precision instruments, curves and mathe-

matical formulae, and having no relation whatever to the practical

application of gas. The second is the knowledge that the

gratuitous offering of an illuminating engineering service in con-

nection with the service of gas would entail at least some addi-

tional expense, not directly recoverable from the consumer nor

obviously compensated for by saving in some other direction.

The third is the fear, based upon nothing in particular, that such

an innovation would be "impractical"—whatever that may mean.

It is difficult to understand how the first attitude of mind can

exist in this age of scientific progress. Practically all of our

modern advancement in all that makes for material welfare is the

direct result of an increasing application of scientific facts and

methods to commerce and industry, and the governing of these

activities in conformity with engineering practice. If the object

of the public utility be "public service" it is difficult to see how
engineering, which is the practical way of determining and ren-

dering service, should not be utilized to the fullest extent.

The fear that the improvement of lighting service by the appli-

cation of illuminating engineering, might fail to be ultimately

profitable is even less comprehensible. The gas company is not a

philanthropic institution, and the value of illuminating engineer-

ing to the gas industry obviously rests upon the importance of the

gas lighting business. There has been a disposition in some

quarters to minimize the importance of this department, and to

view the fuel field as the most promising subject for exploitation.

Not a few individuals are of the opinion that it is best to abandon,

or at least to lose by default, a business which energy and com-

bativeness are required to hold in the face of competition, and to

devote all sales activities to fields in which competition of an

effective sort does not and presumably cannot exist. There is no

gainsaying the truth of the adage that "He who fights and runs
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away will live to fight another day" and the easiest path doubtless

lies in the avoidance of competition with its accompanying finan-

cial and mental strife, and the seeking of virgin fields from which

our electrical friends are fenced out by a high if not insurmount-

able barrier.

The gas lighting business is, however, so inextricably connected

with the domestic fuel business that it is doubtful if a separation

of the two may be effected without calamitous results. At the

present time it is roughly estimated that 30 per cent, of the arti-

ficial gas sold is used for illumination, 50 per cent, for domestic

fuel and 20 per cent, for industrial fuel. These estimates are

not based upon actual measurements, nor upon comparisons or

calculation having a valid and substintial basis, and must be taken

as including a certain modicum of personal predilection. Un-

doubtedly many gas companies which have received rather rough

handling in lighting competition would like to believe that this

business is of small consequence anyhow, and this inclination

colors the estimates to a certain extent. Statistics of lamp and

mantle manufacture indicate that the estimates for gas used for

lighting are to say the least extremely conservative and probably

much too low. For rough approximations 33^ per cent, will be

a satisfactory figure and one that will not err in the direction of

liberality.

What may for lack of better designation be called the typical

good domestic gas consumer, purchases annually say 35 cu. ft.

of gas at $1.00 per cu. ft., the gas company's revenue being, there-

fore, $35.00.

The cost of serving this customer may be divided as follows :*

I. General cost.—Expenses and disbursements which are inde-

pendent of the number of customers or of the

amount of gas consumed.

(a) Interest and dividends $2.98

{b) Operating expense 6.15

$9.13

* The figures are based upon those presented as a consolidation of those of a half-

dozen companies on the Atlantic and Pacific coast in the Report of the Committee on
Differential Rates. N. C. G. A. 1914. On account of the wide variations in the distribution

of expenses resulting from differences in local conditions, and the recent great advance
in cost of material and labor, these figures cannot be applied to any particular situation,

nor to recent years.
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2. Customer Cost.—Expenses and disbursements which are pro-

portional to the number of customers, but

independent of the amounts of gas con-

sumed.

(a) Interest and dividends $376
(b) Operating expense 3.55

$7.31

3. Demand Cost.—Expenses and disbursements which are pro-

portional to the maximum rate at which the

customer may consume gas, but independent

of the total amount consumed per year (es-

timated on the basis of 22 cu. ft. per hour,

maximum one hour demand).

(a) Interest and dividends $5-24

(b) Operating expense 4.57

$9.81

4. Service Cost.—Expenses and disbursements depending upon

the amount of gas consumed yearly.

(a) Gross cost of gas-making materials,

less credit from residuals, plus

manufacturing, labor, maintenance

and distribution expense.

$0.25 per cu. ft $8.75

Total $35.00

The above illustration is that of a consumer very near the ideal

(from a revenue producing standpoint) among small domestic

consumers. Any customer who, with the same maximum demand

takes a smaller amount of gas per year, or taking the same amount

per year demands gas at a quarter maximum hourly rate, is not

only unprofitable, but is served at a loss which must be made up

by an excessive charge upon customers of a more profitable sort.

If the above customer discontinues his gas lighting, the com-

pany's revenue (at $1.00 per cubic foot) is reduced to $20.42, and

its expenditures, classified as before, appear below:

I $ 9.13

2 7-31

3 5.82

4 S-io

Total $27.36

Revenue 20.42

Net Loss $6.94
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It is obvious that this relation between domestic fuel and light-

ing holds whether the customer is actual or prospective. The

gas consumption of the average domestic consumer is insufficient

to enable the gas company to make a profit unless his service in-

cludes gas for lighting.

In order to forestall criticism based upon a misunderstanding

of the importance of some of the factors involved, it may be well

to explain that in allocating the fixed charges and expenses in-

curred on account of maximum demand, the individual maxima

have been regarded as coincident because no information is avail-

able concerning the magnitude of diversity factors in the service

of gas. A personal opinion might be hazarded to the effect that

these factors are somewhat smaller than in electric service on

account of the lesser proportion of services in apartment houses

and dwellings of the more pretentious sort, the occupants of

which are more likely to be of irregular habits than those of

houses and tenements occupied by working people whose hours

for meals and recreation are quite rigidly fixed by their condition

of employment.

A maximum demand of 22 cu. ft. per hour has been selected,

not as being an average, but as representing a particularly good

condition and one which showed net earnings (in dividends) on

the service of the customer. As a matter of fact, a consumer of

35,000 cu. ft. per annum with a maximum demand of 22 cu. ft.

per hour would, like the impossible hero of the Sunday School

book, be quite too good to be true and certain to meet with the

inevitable reward of excessive virtue—an early grave. At all

events, the demand charges in the first instance comprise but

about 35 per cent, of the "non-proportional" charges and about

26 per cent, of the second, so that general and customer

Costs, into which the demand does not enter, are of much greater

significance. All that it is here desired to show is what is per-

fectly obvious, and for that reason seldom realized—that in the

operation of a public utility at a fixed and inflexible rate for

energy there is a certain point in demand and consumption at

which profit ceases and loss begins, and that in any class of bus-

iness which, so to speak ''floats" about this point, the retention of

the most highly competitive service is of the greatest importance.

The relatively non-competitively business may be regarded as
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comparatively fixed. It is the easily detached revenue which

determines the solidity or precariousness of the business of a

given customer.

To an engineer the following set of propositions appear not

only individually indisputable, but leading to a logically inescap-

able conclusion:

1. The retention and development of lighting business is es-

sential to the well-being of the gas industry.

2. The Hghting business will not and cannot be retained or de-

veloped unless lighting service of a creditable sort is rendered with

gas.

3. Creditable gas lighting service cannot be rendered to the pub-

lic without the full and complete application of illuminating engi-

neering principles and practices.

The timidity with which an innovation involving the modifica-

tion of existing commercial practices is approached is more easily

understood. Commercial practice is an uncharted sea. The en-

gineer may predetermine the results of his practices to a high

degree of accuracy. Having a light source giving loo

candlepower in a given direction, he knows that he may obtain

an illumination of i foot-candle at a distance of lO ft. in that

direction. He does not need to make the actual experiment to

vindicate the accuracy of his judgment, at least to any intelligent

person. He has a firm basis of fundamental principles and

definite laws expressing invariable relations, which make absolute

certainty a possibility. The business man is not so favorably

situated. There are no fundamental facts or laws of commerce.

No commercial man can tell within limits of accuracy much
larger than those obtainable in engineering calculations, the per-

centage of increase in sales which may be obtained by decreasing

the price of an article by a given per cent., or by expending a given

amount of money in advertising or in improvement of service.

What he does know is that he will be blamed for any decrease of

profits which may follow (not necessarily result from) any action

which he may take. It is this incalculable hazard which makes

business above all things conservative. "A bird in the hand is

worth two in the bush," and prospective business is always very

much of a bird in the bush.
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But the application of sound principles to the sale of lighting

involves neither great expenditure nor radical change of policy

or practice. It requires only recognition of the following require-

ments and a reasonable effort to meet them

:

First : Each customer should receive, within reasonable limits,

the sort of service best suited to his needs, including proper

selection and arrangement of lamps and reflectors with reference

to hygienic, comfortable, adequate and economical illumination.

Second : The gas company should require that all salesmen be

competent to advise the consumer correctly and honestly willing

to do so, regarding the equipment best suited to his needs, and

the method of installation; or, provide effective means for so

supervising the activities of salesmen, through competent special-

ists, as to guard against at least the more flagrant violations of

good lighting practice.

No company which honestly wishes to render reasonably

good service can object to the general proposition that the first

requirement should be met, nor is it likely that a more practical

way of accomplishing this than is set forth in the second, will be

found. Nothing is more certain than that the consumer who is

left to his own devices, or abandoned to the mercies of a salesman

who lacks special knowledge of lighting, will almost inevitably

find himself burdened with an extravagant, poorly designed,

harmful and generally disreputable system of illumination.

The effective way of abolishing this condition is, of course, to

train the salesman. If he has the qualifications usually regarded

as desirable, he will have no objection to selling the sort of equip-

ment which will render the best services to the customer. If the

salesmen are not inclined to show interest in the matter and the

company feels doubts about its ability to get along without them

it has the alternative of obtaining a special "lighting man" for the

general supervision of the salesmen's practices in recommending

equipment, and for special duty in handling particularly important

installations. Several central stations and gas companies have

tried the latter plan. In every case the results have entirely justi-

fied the innovation. Business heretofore regarded as hopeless has

been retained and obtained. A general improvement in the tone

and vigor of the lighting business has been noticeable.
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But thus far there has been no company (at least among gas un-

dertakings) willing to display the courage of its convictions and

require that every salesman of lighting appliances shall know how
lighting appliances should be used. The promptitude and extent

to which this idea of the salesman's responsibility is accepted and

put into practice among gas companies will largely determine the

future position of gas lighting, and the domestic gas business.

* Prepared under the auspices of the

National Commercial Gas Association.

DISCUSSION. .

W. J. CiyARK: There is much fruitful thought contained in

Mr. Pierce's able paper. I notice that he has touched upon a

very important factor and one that has been discussed more or

less in the gas convention papers and gas light journals, and that

is the matter of costs, or getting what might be termed an in-

ducive rate with which to attract business. In the electric field,

rates are so flexible that you can practically make a rate for

almost any applicant who asks for service.

The difficulties in meeting satisfactorily the situation in the

gas business have been pretty well thrashed out, and the straight

line meter rate still holds almost universally in the gas industry,

and under the present abnormal conditions, it is a very grave

question as to how long some of the gas companies can hold to

these inflexible rates and live. Certainly the constantly increas-

ing costs of labor and material indicate a fast diminishing margin

of clearance. Before war conditions obtained, the matter of

differential rates was discussed quite exhaustively and such

factors as readiness-to-serve, customer and energy charge, were

debated and although some few companies have introduced a rate

for industrial gas carrying these cost factors the movement in this

direction has not been general. Among the many troubles with

which the gas industry has to meet is franchise requirements and

restrictions laid upon the companies by local municipalities, and

along with this, goes the very large question of adequate plant and

distribution system which must be ample to meet the demands of

proper service. This is particularly important when large in-

dustrial demands are to be met which carry through peak demand

periods, and as I have said, although these questions have been
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much discussed, it is far from a definite solution at this time, and

is one on which the engineer and the commercial man must get

together on.

In the lighting field, there is no question but that the electric

industry has made great strides by reason of the fact that in-

ducive rates could be made to the long hour user and the variety

of ways by which this is done is infinite. It would seem that in

view of the unquestioned economy and vast improvements in gas

lighting which has been made in the last few years, we gas men
with right economical methods should be able to hold a large

place in the lighting field.

R. ff. Pierce : Attention has been called to one thing which is

to a large extent the principal stumbling block in the way of dis-

seminating information regarding illuminating engineering, or

rather the practice of Hghting, among salesmen. The great ques-

tion is to determine just how much a salesman should be ex-

pected to know about it. In practice we generally go to one ex-

treme or another. A commercial manager of a large gas company

attended a meeting in which a number of excellent papers on the

subject of illuminating engineering and its application to central

station practice, were read and discussed and he became quite

enthusiastic about it and spoke to me afterwards, saying "I have

a young man here who has only been with the Company a few

weeks. I think he'd make an excellent lighting man, and I would

like him to have all the knowledge he can obtain on the subject.

If I send him to your factory, can't you give him some points ?" I

told him I would be glad to do so. **I am going to send him down

and I want you to equip him so he can tackle any kind of a light-

ing subject that comes along and do it perfectly,—do it abso-

lutely above criticism." ''Well," I said, "How long do you think

it is going to take ?" "Oh, spend the whole afternoon on it, if you

want to." That is one extreme—the man who thinks that all of

the knowledge that a man needs on the subject should be absorbed

in a few hours' conversation. Then there is the other extreme

—

the man who expects the salesman, who uses his knowledge of

lighting at best in a rather casual way, to equip himself with all

the technical knowledge that is required by a technical expert. Of
course one extreme is as absurd as the other. All that a salesman
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should be expected to know is, well, the sort of thing you expect

a grocery's boy to know. If a woman goes into a grocery store

and asks for something to make bread with, she doesn't expect to

carry home a basket of tomatoes. A great many lighting sales-

men sell equipment for lighting that is just as much out of place

as a sofa pillow in a salad. A salesman should at least know
enough about lighting so that he can guide the customer's selec-

tion of lighting along practical lines that will result in some benefit

to the customer. He should know good lighting when he sees it,

bad lighting when he sees it, and should be able to diagnose the

case and tell why the good is good and the bad is bad, and know
how to plan the good and how to eliminate the bad.

I am sorry to say that in many cases there seems to be a lack

of entirely good faith in the attitude of some companies toward

the education of their salesmen. I remember in particular I was
asked one time to give a talk before employees of an industrial

division handling lighting. They encountered a great many light-

ing problems and they wanted a talk on gas lighting of factories,

so I said to the manager of the department before I went to the

meeting. "I suppose what you want now is a plain, simple talk

on how to plan lighting so as to give the greatest service and the

greatest satisfaction to the customer." "Oh," he says, "No, we
don't want that kind of stuff. We want a lot of peppery, general

selling points, get-the-name-on-the-dotted-line stuff—that is what
we want." That man didn't want to train his salesmen, didn't

have the slightest idea of doing it. All he wanted was the order.

After he got the order he was going to trust to the Lord that in

some way or another, the customer would get some kind of satis-

faction. That is what he actually meant as shown by his talk

and his attitude. He practically said he wasn't willing to waste

time teaching his men to plan the sort of service that would be

useful and beneficial to the customer—he wasn't interested in that

at all; what he wanted was some snappy peppery talking points

that would enable him to close the order. I don't think that any

company which really and honestly wishes its salesmen to learn

enough about lighting so that they can intelligently direct the

purchases of consumers will have any difficulty whatever in im-

parting or having imparted to their salesmen that sort of infor-

mation. There is nothing complicated about it at all. I think

7
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that the great trouble is that we are inclined to look upon illum-

inating engineering as too formidable. To the average man en-

gineering means calculus, trigonometry and hieroglyphics of

various kinds, because when he attends a convention at which

technical papers are presented, he sees these various symbols that

even the man who learned them in college forgets inside of

two or three years, unless he happens to use them often. He
imagines wherever he comes across the word ^engineering' it

means comphcate mathematics and long words of seventeen sylla-

bles—things difficult to understand. I think that is the most

important thing to get out of his mind. —
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REPORT ON CODE OF LIGHTING SCHOOL
BUILDINGS.

The Code of Lighting School Buildings had its inception in the

work of the Committee on School Lighting which was begun in

191 5. Much of the material of the preliminary notes upon which

the first draft of the code was based, is contained in the paper on

"Safe-guarding the Eyesight of School Children" by M. Luckiesh,

which was published in Vol. X of the Transactions, 1915.

Drafts of the proposed code were submitted for criticism to

architects, school superintendents, engineers and others identified

with the problem of lighting school buildings. After extended

discussion as to mooted questions of technical data and as to the

scope of the material to be included in the code, a revised draft

was prepared incorporating numerous suggestions and criticisms

received to date. This draft was published August 30, 1917 as

the first edition of the code, subject to final revision. Upwards
of 900 copies of the first edition were distributed to a selected

list, and further discussion and criticisms were invited. There

were numerous responses to this appeal.

Before the final revision was made, a hearing on the code was

held January 10, 1918, at a meeting devoted to this purpose by

the New York Section of the Society.

In presenting the final draft, the Committees desire to point

out that notwithstanding the great care used in its preparation,

the code is admittedly imperfect and is not to be looked upon as

an iron-clad pronouncement ; the code is based on present ideas

of good practice and it is hoped and expected that in the sue-



l86 TRANSACTIONS I. K S. VOL. XIII, NO. 3, APR. 30, I918

ceeding administrations, revisions will be made where necessary to

bring the code up to date.

The present edition of the code contains very little technical

data on daylight requirements. One reason for this omission

is the lack of authoritative data on this subject; another reason

is that the inclusion of even a general treatise on the day-lighting

of school buildings would partake of the nature of a building code,

requiring the presentation of plans and specifications which are

considered beyond the scope of the present pamphlet. Many
valuable suggestions and records relating not only to daylight but

to artificial light requirements were not incorporated in the code

for one reason or another, more particularly because of limitations

of space.

The present code does not pretend to offer working plans and

specifications for the lighting of buildings ; nor does it pretend to

offer articles in form for legislative enactment. Its purpose is

mainly to serve as a guide in improving the lighting conditions in

school buildings and as a basis for the enactment of rules and

regulations and ordinances relating thereto.

The Committees wish to take this opportunity to acknowledge

the kind co-operation of many architects, school superintendents,

engineers and others—both members and non-members of the

Society, too numerous to mention individually, who contributed

valuable suggestions and criticisms.

Respectfully submitted,
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M. LuCKiESH, Chairman, F. Park Lewis,

R. B. Ely, H. H. Madgsick,

L. O. Grondahl, F. K. Richtmyer.

J. D. Lee, Jr.,

COMMITTEE ON LIGHTING LEGISLATION

:

L. B. Marks, Chairman, R. H. Maurer,

W. F. L1TT1.E, Secretary, A. S. McAllister,

O. H. Basquin, F. J. Miller,

C. O. Bond, P. G. Nutting,

C. E. Clewell, R. ff. Pierce,

C. W. Cutler, W. J. Serrill,

Ward Harrison, R. E. Simpson,

S. G. Hibben, L. a. Tanzer,

J. A. Hoeveler, F. a. Vaughn,
C. L. Law, G. H. Stickney, Ex-Officio.

M. Luckiesh,
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CODE OF LIGHTING SCHOOL BUILDINGS.

Article I. Greneral Requirements.—When in use, all buildings

should be provided, during those hours when daylight is inade-

quate, with artificial light according to the following Articles.

Buildings hereafter constructed should be so designed that the

daylight in the work space is reasonably uniform and the dark-

est part of any work space is adequately illuminated under nor-

mal exterior daylight conditions.^

Article n. Intensity of Artificial Illumination.—The desir-

able illumination to be provided and the minimum to be main-

tained are given in the following table '?

Desirable and Minimum Illumination.

Artificial lighting
Foot-candles (I^umens per square foot)*

At the work
I
———^—— ^ ———

»

Minimum Ordinary practice!

Storage spaces 0.25 0.5- i.o

Stairways, corridors 0.5 1.0-2.5

Gymnasiums i.o 2.0- 5.0

Rough shop work 1.25 2.0- 4.0

Auditoriums, assembly rooms 1,5 2.5- 4.0

Class rooms, study rooms, libraries, labora-

tories, blackboards 3.0 3.5- 6.0

Fine shop work 3.5 4.0- 8.0

Sewing, drafting rooms 5,0 6.0-12.0

Article III. Shading of Lamps.—Lamps should be suitably

shaded to minimize glare. Glare, either from lamps or from un-

duly bright reflecting surfaces, produces eye-strain.

* It should be borne in mind that intensity of illumination is only one of the factors
on which good seeing depends.

t Under the column headed "Ordinary practice," the upper portion of the range of in-

tensities is preferable to the lower; where economy does not prohibit, even higher in-

tensities than those cited are often desirable.

^ Daylight illumination values should be at least twice the values given in the Table
Article II, for artificial lighting.

* The illumination intensity should be measured on the important plane which may
be the desk-top, blackboard, etc.

The method of computing the flux of light (lumens) required to do any desired illu-

mination is described under the heading "Design of I^ighting Installation" on page 15.

For more specific information regarding the lighting of shops, see ''' Code of Lighting
Factories^ Mills and Other Work Places' \ issued by the Illuminating Engineering Society
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Article IV. Distribution of Light on the Work.—Lamps should

be SO arranged as to secure a good distribution of light on the

work, avoiding objectionable shadows and sharp contrasts of in-

tensities.

Article V. Color and Finish of Interior.—Walls should have a

moderate reflection factor; the preferred colors are light gray,

light buff, dark cream and light olive green. Ceilings and friezes

should have a high reflection factor; the preferred colors are

white and light cream. Walls, desk-tops and other woodwork
should have a dull finish.

Article VI. Switching and Controlling Apparatus.—Basements,

stairways, store rooms, and other parts of the building where

required, should have switches or controlling apparatus at point

of entrance.

Article Yil. Emergency Lighting.—Emergency lighting
should be provided at main stairways and exits to insure reliable

operation when, through accident or other cause, the regular

lighting is extinguished.

Article VIII. Inspection and Maintenance.—All parts of the

lighting system should be properly maintained to prevent deter-

ioration due to dirt accumulation, burned-out lamps and other

causes. To insure proper maintenance, frequent inspection

should be made at regular intervals.

NOTES—Data and Recommendations.

DAYLIGHT.

Intensity of Daylight.—In general, the minimum intensities of

daylight illumination should be considerably greater than those

provided in artificial lighting, owing to the adaptation of the eye

to a much higher level of illumination (brightness) in the day-

time.

Direction of Light.—One of the fundamental rules for proper

lighting of desks is to have the preponderance of light come from
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Fig. I.—Unilateral daylighting. Scaled drawing of a typical modern class room.
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the left side. For this reason many school authorities advocate

unilateral lighting, that is, lighting by windows located on one side

of the room only, especially for class rooms (see Fig. i). This

method of lighting is recommended where the rooms do not ex-

ceed about 24 ft. (7.9 m.) in width, with windows about 12 ft.

(3.9 m.) high. If the rooms are much wider than this, bilateral

lighting, that is, lighting by windows located on two sides of

the room, may be required in order to provide sufficient illumina-

tion in every part of the room and at the same time to prevent

too great a diversity of contrast in the intensity of light on the

work spaces.

To secure the highest lighting value it is recommended that

the room be so designed that no working location is more distant

from a window than one and one-half times the height of the top

of the window from the floor.

Windows at the left and rear where practicable are preferable

to those on the left and right sides of the room, because of cross

shadows created by the latter arrangement. Lighting by over-

head sources of natural illumination although sometimes used

for assembly rooms, auditoriums and libraries, with relatively

high ceilings, has ordinarily little application in class rooms and

has found little favor in practice.

The sky as seen through a window is a source of glare. For

this reason the seating arrangements should always be such that

the occupants (pupils) of the room do not face the windows.

Window Openings.—Tests of daylight in well lighted school

buildings indicate that, in general, the glass area does not fall

below 20 per cent, of the floor area.

As the upper part of the window is more effective in lighting

the interior than the lower part, it is recommended that the win-

dows extend as close to the ceiling as practicable.

Lighting Value of a Window.—The lighting value of a window

at any given location in the room, will depend upon the bright-

ness of the sky, the amount of sky visible through the window at

the given location in the room, and indirectly upon the reflection

factor of the surroundings and the dimensions of the room.

Observations in well lighted school rooms having a compara-

tively unobstructed horizon, show that under normal conditions
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of daylight, satisfactory illumination is usually obtained when
the visible sky subtends a minimum vertical angle of 5° at any

work point of the room.

In cases in which the horizon is obstructed, as by adjacent high

buildings or by high trees, provision should be made for a larger

window area than would otherwise be required; also if need be,

for redirecting the light into the room by means of prismatic

glass in the upper sashes of the windows, or by prismed canopies

outside of the windows.

Window Shades.—Although direct sunlight is desirable in in-

teriors from a hygienic standpoint, it is often necessary to exclude

or diffuse it by means of shades. These shades should perform

several functions, namely, the diffusion of direct sunlight, the

control of illumination to secure reasonable uniformity, the elimi-

nation of glare from the visible sky and the elimination of glare

from the blackboards wherever possible. These requirements

make it desirable to equip each window, especially in class rooms,

with two shades operated by double rollers placed near the level

of the meeting rail. The window shades may thus be raised or

lowered from the middle, which provides the maximum elasticity

for shading and diffusing the light. The shades should be prefer-

ably of yellow-colored material that is sufficiently translucent to

transmit a considerable percentage of the light while at the same

time diffusing it.

A more complete control of the light may be obtained by the

use of two independent sets of shades at each window. Where
two sets of shades are used, one should be preferably a very dark

green of heavy material that will exclude the light entirely, and

the other preferably a yellow-colored material as above described.

Different views of a window equipped with a single set of ad-

justable shades as used in the public schools of New York City

are shown in Fig. 2. It will be noted that this method of in-

stallation permits of lowering the window from the top or raising

it from the bottom without interference with the shades.

Light Courts.—Reflection of light from the walls of courts is

very helpful in increasing interior illumination. Hence the walls

of courts should have high reflection factors. Dark colors should

be avoided.
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Maintenance.—Windows and overhead sources of natural light

(so-called skylights) should be washed at frequent intervals and

surfaces such as ceilings and walls should be cleaned and refin-

ished sufficiently often to insure their efficiency as reflecting sur-

faces. It should be borne in mind that the maintenance of ade-

quate daylight indoors is also dependent upon various external

factors, such as the future erection of buildings and the growth

of trees or vines.

ARTIFICIAL LIGHT.

Systems of Lighting.—It is customary to divide the systems of

artificial lighting into three classes, namely, direct, semi-indirect,

and indirect. This division is arbitrary and the boundary lines

are quite indefinite.

A direct lighting system is known as one in which most of

the light reaches the work plane directly from the lighting

unit including the accessory which may be an opaque or glass

reflector or a totally enclosing transparent or translucent envelope.

Direct lighting systems may be further classified as localized and

general or distributing. In the former the units are so placed

as to light local work spaces, and in the latter they are well

distributed so as to light the whole area more or less uniformly.

A semi-indirect system is known as one in which a portion of

the light reaches the work plane directly from the unit and a

relatively large portion reaches the work plane indirectly, by

reflection from the ceiling and walls. The accessory is usually

an inverted diffusing bowl or glass reflector. When this glass

has a high transmission factor the lighting effect approaches that

of ordinary direct lighting, and when of low transmission, the

effect approaches that of indirect lighting.

An indirect system is known as one in which all or practically

all the light reaches the work plane indirectly after reflection

from the ceiling and walls. The accessory is usually an opaque

or slightly translucent inverted bowl or shade containing a re-

flecting medium.

All three of these systems of lighting (illustrated in Figs. 3, 4,

and 5) are in successful use in schools. There has been a grow-

ing preference for semi-indirect and indirect lighting, especially

since the introduction of modern lamps of great brilliancy. Local

lighting by lamps placed close to the work is unsatisfactory ex-
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Fig. 3.—Good direct lighting.

In general, .semi-indirect or indirect lighting i.s better for .school rooms.

Fig. 4.—Good indirect lighting.
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Fig. 5 —Good semi-indirect lighting-.

Fig. 6.—Bad lighting. The lighting units are hung too low and the light sources are not
adequately shaded. Note the glossy varnished surfaces on benches and woodwork.



Fig. 7.—Bad lighting. The local lamps, if used at all, should be provided with

reflecting shades to protect the eyes from glare and at the same time to

direct the light to the work. General illumination by
overhead units is preferable.

Fig. 8.—Bad lighting. The use of local lighting by adjustable table lamps u.sually

re.sults in glare from lamps on neighboring tables; also in annoying

shadows. The difficulties may be overcome by the use

of a .system of general illumination.
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cept for special cases such as the lighting of blackboards, maps,

charts, etc. Examples of bad lighting are shown in Figs. 6, 7,

and 8.

Shading of Lamps.—Except in very rare instances bare light

sources should not be exposed to view. They should always be

adequately shaded or completely hidden. Even when shaded by

translucent media, such as dense glassware, the lighting units

should be placed well out of the ordinary range of vision; in

other words it is recommended that lighting units be of low

brightness,^ even if they are located high in the field of view.

The maximum brightness contrast of juxtaposed surfaces in the

normal visual field should be preferably not greater than 20 to

I ; that is to say, the darkest part of the work space observed

should have a brightness preferably not less than one-twentieth

of that of the brightest part.

Glossy Surfaces and Eye-Strain.—Glossy surfaces of paper,

woodwork, desk-tops, walls and blackboards are likely to cause

eye-strain because of specular or mirror-like reflection of images

of light sources, especially when artificial light is used. Matte

or dull finished surfaces are recommended. It is to be noted that

a high reflection factor does not necessarily imply a polished or

glazed surface.

To minimize eye-strain it is recommended that unglazed paper

and large plain type be used in school books.

' Preferably not to exceed 250 millilamberts. A millilambert is equal to the bright-
ness of a perfectly reflecting and diffusing surface illuminated to an intensity of 0.929
foot-candle, (0.^29 lumen per square foot). It is alto equal to 0.002 candle per square inch.

The following table shows the order of magnitude of the brightness of some light
sources in common use:

Approximate brightness

Candles
Millilamberts per sq. in.

Indirect lighting: ceiling, directly above the light-
ing unit ... 5. to 75. o.oitoo.15

Semi-indirect lighting: heavy density glassware . 35. to 100. 0.07 to 0.2

" " '' light density glassware . . 200. to 1,000. 0.4 to 2.0

Direct lighting: 10 in. (25 cm.) opal glass ball con-

taining loo-watt vacuum tungsten

lamp at center 250. to 500. 0.5 to i.o
'* •' vacuum tungsten lamp, (frosted)

in open bottom reflector .... 2,000. to 3,000. 4. to 6.

Vacuum tungsten lamp, filament exposed to view . 500,000. 1,000.

Gas-filled tungsten lamp, filament exposed to view 2,000,000. 4,000.

Gas-mantle, bare 15,000. 30.
" " concealed in 6 in. (15 cm.) opal glass

globe 1,000. 2.

Mercury arc tube (glass) 8,coo, 16.

Daylight: clear blue sky 1,000. 2.
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Children should be taught to hold their books properly, to as-

sume a correct position relative to the light source, and to safe-

guard their vision.

Color of Light.—It has been found in practice that the admix-

ture of daylight and artificial light is not satisfactory unless the

latter is derived from lamps designed with special reference to

producing daylight color values. Hence in waning daylight it

is desirable to shut out the daylight and to use artificial light

exclusively unless the lamps are of the type mentioned.

Design of Lighting Installation.—The illumination intensity on

the horizontal work plane should be as uniform as possible. The
variation should not be greater than 4 to i.*

Approximate Coei'i^icients oe Utiuzation—Modern Lighting

Equipment.

Small Rooms (Offices, Corridors, etc.).

lyight color Medium color
walls walls

Ivight color ceiling Ivight color ceiling

Direct lighting; dense glass (open bottom

reflectors) 0.40 0.35

Semi-indirect lighting; dense glass 0.25 0.22

Indirect lighting 0.23 0.20

Medium Sized Rooms (Class Rooms, Laboratories, etc.).

Direct lighting; dense glass (open bottom

reflectors) 0.50 0.45

Semi-indirect lighting; dense glass 0.35 0.30

Indirect lighting 0.30 0.25

Large Rooms (Auditoriums, etc.).

Direct lighting; dense glass (open bottom

reflectors) 0.62 0.60

Semi-indirect lighting ; dense glass 0.43 0.40

Indirect lighting 0.40 0.38

The chief factors which must be considered in arriving at the

size and number of lamps to be used in a given room are (i) the

floor area; (2) the total luminous flux^ emitted per lamp, and
* This ratio refers to the light received by the object illuminated and should not be

confused with the ratio of 20 to i for brightness contrast previously given on page 10,

which refers to the light radiated by the object. For example, a blackboard and a white

sheet of paper on it may receive the same amount of light, but the latter will reflect

much more light than the former, thus causing a marked brightness contrast between

the two surfaces.

* The flux is measured in lumens. A lumen is the unit of light flux and is the quan-

tity of light required to illuminate i square foot of area to an average intensity of i foot-

candle.
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(3) coefficient of utilization of the particular system considered.

The first should be measured in square feet. The second may be

obtained from a data book supplied by the manufacturers of

lamps. The third involves many factors such as the relative di-

mensions of the room, the reflection factor of the surroundings,

the number of lighting units and their mounting height, and the

system of lighting. By coefficient of utilization is meant the pro-

portion of the total light flux emitted by the lamps which is ef-

fective on the work plane. In the accompanying table ap-

proximate coefficients of utilization for modern lighting equip-

ment are given. The work plane in this case is a horizontal

plane 30 in. (76 cm.) above the floor. These values refer to

the initial installation without any allowance for depreciation.

For determining approximately the size and number of lamps

to be used in a given room by means of the coefficients of utiliza-

tion given in the preceding table, it is necessary to know the lumi-

nous output in lumens per watt for the electric lamps considered

or in lumens per cubic foot of gas consumed per hour if gas lamps

are considered. At the present time (1917) the light output of

tungsten filament electric incandescent lamps, based on average

service conditions of regularly maintained installations, ranges

from 8 lumens per watt for the smaller vacuum tungsten lamps

to 14 lumens per watt for the larger gas-filled tungsten lamps em-

ployed in school lighting. For incandescent gas systems similar

service values range from 150 to 250 lumens per cubic foot of

artificial gas consumed per hour. The computation for the total

lumens required to give a certain illumination intensity in foot-

candles is as follows:

N = number of lamps.

L = lumens output per lamp.

K = coefficient of utilization.

A = area of floor or horizontal work plane in square feet.

I z= illumination intensity in foot-candles.

N X LXE ^
A

that is, the number of lamps multiplied by the output per lamp
in lumens, multiplied by the coefficient of utilization, divided by
the area of the horizontal work plane in square feet, gives the

illumination intensity in foot-candles.
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If the size of the lamps is to be ascertained the computation

is made thus

:

T ^ ^ X ^
NXE

To illustrate by an example, assume a room, whose floor (also

work plane) is 30 ft. by 18 ft. (9.1 by 5.5 m.), to be lighted

by a semi-indirect system from six fixtures containing one lamp

each. It will also be assumed that the ceiling is highly reflecting,

the walls moderately reflecting, and the illumination intensity de-

sired is 5 foot-candles. The luminous output required of each

of the six lamps will be found by substituting the assumed values

in the equation, thus

:

_. 5 X 30 X 18
,

ly = ^ = 1,500 lumens
6 X 0.30

Allowing a depreciation factor of 20 per cent, as representing a

well maintained installation, the lumens actually required would

be
^'^^ = 1^875 lumens. If gas-filled tungsten lamps are con-
0.8

sidered, whose average output under service conditions is 12

lumens per watt, it is seen that a 150-watt lamp in each fixture

will give the desired results.

If gas mantle lamps are considered, whose average output in

lumens under service conditions is 250 lumens per cubic foot of

gas consumed per hour, it is seen that a lamp consuming 5 cubic

feet of artificial gas per hour will be satisfactory in each fixture.

The above example is intended solely to illustrate the method

of computation. Estimates of the illumination intensity obtained

from an actual installation may also be made by a similar com-

putation.

Suitable switching and controlling arrangements should be

made to permit of lighting one or more lamps independently as

conditions may require.

The teacher's desk may be illuminated by one of the overhead

lighting units, or if necessary, by a desk lamp.

With the usual lighting equipments the distance between the

units should not exceed one and one-half times the height of the

apparent source of illumination above the working level.
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Blackboards.—Blackboards should be of minimum size prac-

ticable and should not be placed between windows. Their posi-
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Fig' 9'—Diagrammatic illustration of glare from blackboards.

(a) Showing that occupants of seats in shaded area are subjected to daylight

glare from blackboards.

(b) Showing angles at which glare is experienced from daylight and from
artificial light,

(c) Arrangement of local artificial lighting to minimize glare.

tion should be carefully determined so as to eliminate the glare

due to specular reflection of images of either artificial or natural

light sources directly into the eyes of occupants of the room.

The surface of blackboards should be as dull as possible and this

dullness should be maintained.

3
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Glare, due to specular reflection from blackboards, may be re-

duced or eliminated by lighting them by means of properly placed

and well shaded local artificial light sources.

In Fig. 9 are shown some simple graphical considerations of

blackboard lighting. In (a) is shown a plan view of a room with

windows on one side. Rays of light are indicated by A, B and

C in a horizontal projection. These are supposed to come from

bright sky. By the application of the simple optical law of re-

flection—the angle of incidence is equal to the angle of reflection

—it is seen that pupils seated in the shaded area will experience

glare from the blackboards on the front wall. In (b) is shown

the vertical projection of the foregoing condition. It will be ap-

parent from this graphical illustration that by tilting the black-

board away from the wall at the top edge, the pupils in the back

part of the room will be freed from the present glaring condition.

Whether or not this tilting will remedy bad conditions may be

readily determined in a given case. In (b) the effect of specular

reflection of the image of an artificial light source is shown by

D. In (c) is shown a proper method of lighting blackboards by

Fig. 10 (a).—Old artificial lighting equipment.

means of artificial lighting units. This will often remedy bad

daylight conditions whether due to an insufficient illumination in-

tensity of daylight or due to reflected images of a patch of sky.

In order to avoid excessive brightness contrast which is try-

ing to the eyes, blackboards should not be placed on a white or

highly reflecting wall.

Rehabilitating the Lighting of Old Buildings.—This will be il-

lustrated by an actual case where the artificial lighting of a class
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room was made satisfactory at a small expense. In Fig. 10 (a)

is shown an elevation of a section of the class room showing the

old fixtures. In Fig. 10 (c) the circles containing crosses (KJ)
indicate the positions of the two old fixtures in this room. The
chief objections to this old system were as follows:

(i) The lighting units were hung too low, so that eye-fatigue

resulted from the bright sources in the visual field.
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Fig. 10 (*).—New artificial lighting equipment.

Fig. 10 (c).—01d( ?^ \ and new ( X^ \ outlets for artificial lighting equipment in a

classroom.
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(2) The light sources were not shielded from the pupils' eyes.

(3) Two fixtures are insufficient to provide satisfactory il-

lumination over the entire work plane in a room of the dimen-

sions shown. This unsatisfactory condition was remedied by

means of six fixtures placed as indicated by the circles (Q) in

Fig. 10 (c).

These fixtures, shown in elevation in Fig. lo (b), consisted of

inverted diffusing glass shades containing one lamp each. The

dimensions of the room are shown in the illustration.

Maintenance.—A systematic maintenance should be provided

in order to insure against depreciation in the illumination inten-

sity due to burned-out lamps, broken gas mantles, discoloration,

etc., and to accumulations of dirt upon the lamps, and upon the

surfaces of the reflecting and transmitting media. It is found in

practice that carelessness in this respect may easily reduce the

effective illumination by 50 per cent., especially in indirect and

semi-indirect lighting.
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THE GENERAI. LEVEIv OF ILLUMINATION INTENSI-
TIES IN LARGE DEPARTMENT STORES

OF NEW YORK CITY *

BY W. F. LITTI^E AND J. F. DICK.

A query received by the Electrical Testing Laboratories from

an out-of-town client concerning practice in illumination inten-

sities in New York's department stores has led to a rather casual

survey. This survey has developed some information which seems

worth including in a brief paper in the Illuminating Engineering

Society Transactions. In the course of this work illumination

observations were made at counter heighth with the aid of a

"foot-candle meter"^ on various floors and in various departments

of eight of the large stores in New York. As an exhaustive

illumination test was not intended, no wattage measurements

were made and no individual lamps were measured for conform-

ance to rating. In all cases the wattage values per fixture and per

lamp were taken as given by the store management. No cor-

rection was made for the age or deterioration of the lamps, or

condition of glassware. Some of the measurements were made in

the winter months and others in the summer months and most

of them during business hours. In considering the results ob-

tained it may be well to bear in mind that in the winter season

more attention is probably paid to the lighting conditions in these

stores, and that somewhat different results may obtain. The
stores investigated are as follows

:

B. Altman & Company 34th St. and Fifth Ave.

Arnold Constable & Company 40th St. and Fifth Ave.

Best & Company 35th St. and Fifth Ave.

Gimbel Brothers 33rd St. and Sixth Ave.

Lord & Taylor 38th St. and Fifth Ave.

James McCreery & Company. W. 34th St.

Rogers Peet Company 41st St. and Fifth Ave.

Stern Brothers 42nd St. and Sixth Ave.

* A paper prepared for the 1916-17 Correspondence Convention of the Illuminating^

Engfineering Society, and circulated among members of the Society and others who were
thought to be interested in the paper. This paper was also presented by the authors
before the New York Section September 13, 1917.

^Electrical World, Sept. 6, 1916.
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The obligation of the authors to the management of each of

these stores is expressed. Their courteous co-operation made

this survey practicable.

The average illumination intensity in lumens per square foot

or foot-candles is shown in Table I, the stores being arranged in

an order different from the alphabetical order used above. In

all cases typical values for particular floors are shown.

Considering the foregoing, it is fair to say that at the time of

this investigation the general level of illumination intensity in

these larger New York department stores was of the order of

4J/2 foot-candles, ranging for the several stores from a minimum

of 13^ to a maximum of 7j^ foot-candles.

A general all-around figure for wattage seems to be in the

neighborhood of i watt per square foot, and only where color

modification is desired is this figure greatly exceeded.

In cases where color modification is desired, some stores use

2 to 2J/2 watts per square foot to secure the desired intensity. In

some of these cases, however, the fixtures are very dense and

the lamps themselves of comparatively low efficiency, and in

others high efficiency lamps are used in bluish white diffusing

bowls. In still other cases, blue bulb gas-filled tungsten

lamps are used in bowls or enclosing globes which do not of

themselves modify the color of the light. Gas-filled tungsten

lamps are largely used, except where a warmer color of light is

desired.

There is a considerable tendency toward the use of a single

fixture in the center of each bay and units of large area with

high candlepower lamps, with a disregard for total watts con-

sumed. The totally enclosing or covered unit is used in the

majority of cases, and where not used a number of complaints

were noted in regard to the necessity of frequent cleaning. Many
of the large bowls, more or less hemispherical in shape, are

equipped with either opaque or translucent covers designed to

act as reflectors.

With very few exceptions, an entire floor is lighted by general

illumination without any assistance from smaller local units.

Table II shows the types of fixtures and the extent to which they

are used, also their re-directing characteristics. In fact, only in
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Table II.—Types 0^ Fixtures in Stores in which
Survey was Made.

Approximate Number of
ratio upward to floors

Type of fixture downward flux so equipped

Dense bowls, tops covered «^^ 7^
70

Dense bowls, tops open — 9

Prismatic and ground balls -^ 2

Enclosing globes — 7

Indirect — 3
o

Direct lighting — 2

CRI balls -^ 3
55

Total floors 33

cases such as shoe departments and millinery departments, etc.,

where the directional as well as the quantitative element is im-

portant, is local illumination found. In spite of the use of a uni-

form general lighting system, the ratio of maximum to minimum
intensity in most cases is found to be very low; and only where

large fixtures with low mounting heights are found is the variation

in intensity excessive.

The distribution of light from the several lighting units varies

considerably among the different stores. Installation practice

differs also. In consequence, the uniformity of light distribution

varies. Typical ratios of maximum to minimum as found in the

several stores are shown in Table III.

From the conventional illuminating engineering point of view,

some of the differences in illumination intensities among various

floors of some of these stores seem unreasonable. The authors,

however, have not studied the department store lighting problem

as such, and are unable to say whether some of the more notable

differences exist by design or otherwise. It would be interesting

to learn, for example, whether or not in department store lighting

it is regarded as desirable to illuminate white goods departments

to a much higher intensity than furniture and rug departments.
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TABLE III.—Typicai, Light Intensity Vai^ues Found on
THE Severai, F1.OORS.

Lumens per square foot (horizontal)
' ^

Store Floor Max. Min. Mean ^^^'
Min.

A Main 19 3 7,5 6.3

B Main 12 3.5 4.5 3.4

Second 11 3.0 4.5 3.7

Third 19 4 5 4.7

Fourth 10 3 4 3.3

Seventh 3 1.5 2 2.0

Eighth 3 1.5 2 2.0

C Main 6 3 3.5 2.0

Second 7 2.25 3.5 3.1

Third 7.5 1.5 3.5 5.0

Fourth II 1.5 4.0 7.3

Fifth 3 1.25 2.25 2.4

Sixth 10 2.25 4.5 4.4

D Basement 6 3.5 5.0 1.7

Main 6 4 5 1.5

E Main 2.5 1.2 2.0 2.1

Second 2.5 0.9 1.5 2.8

Third 2.0 0.6 1.4 3.3

F Main 5 3.5 4 1.4

Second 7 4 5 1-7

Third 475 2 2.75 2.4

G Main 5 4-25 4-5 12

Second 4 3 375 13

Third 475 375 4-5 1-3

Fifth 4-5 3.2s 3-5 14

Basement 3-5 i i-5 3-5

H Main 6 2.5 3.75 2.4

Second 9 2.5 5.0 3.6

Third 6 2.4 3.5 2.5

Fourth 10 2.8 6 3.6
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In several stores, departments such as the furniture and rug

prefer a low intensity, and their reason is that neither furniture

nor rugs show to their best advantage under a high illumination.

This opinion seems quite general among the department store

managements. The general practice for basements, consisting of

a number of departments, seems to be the use of direct lighting

fixtures.

After all, the principal problem in this class of commercial

lighting is so to design the lighting as to promote sales. But

little information is available on the relation between lighting

and sales.

The authors desire to make it clear that they do not wish to

imply that intensity of illumination is the sole index to the quality

of the lighting in department stores. As in all other illuminating

engineering work, color, diffusion and direction of the light are

important, as well as the appearance of the lighting installation.

As this paper makes no pretense to report a comprehensive

survey, no hesitancy is experienced in limiting its data to illumi-

nation intensities alone.

DISCUSSION.

F. H. Murphy : I would like to inquire if the tests were made
by placing the instrument on the counter in various locations or

whether some certain section of the store was blocked off and an

arbitrary level (approximately counter height) used for all the

readings.

Also, I would like to ask the authors how the ratio of upward

to downward flux was determined in the case of these instal-

lations.

Since receiving this paper I have not had the opportunity to

made a similar test upon our own department stores. I have,

however, a record of a test made some two or three years ago

upon one of our better class of stores, where indirect lighting

fixtures were installed at the time, which gave an average intensity

of about 6.1 lumens per sq. ft. with a ratio of maximum over

minimum of 2.7 and a wattage of 1.26 per sq. ft. 100-watt clear

glass high efficiency vacuum lamps were used, six in each fix-

ture, a single fixture being located in the center of each bay which

is approximately 22 ft. (6.1 m.) square. At the time the test was
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made ceiling, walls, fixtures and lamps were all new and clean.

Allowing for the usual deterioration due to dust and use, the

data obtained will check very closely with that given in the paper.

In regard to the variation of lighting intensities in different

departments of the store, it seems to me that this is less the result

of design than of fancy. With the same wattage per square foot

rug departments and furniture departments will naturally appear

darker than many other departments because of the greater ab-

sorption of light. This, together with the fact that detection of

fine detail is not essential in these departments, tends to create a

feeling that high intensities are not necessary.

In the case of rug departments where rug racks are used, the

higher intensities may be obtained by special fixtures and the

general illumination in such cases may be kept low. It seems

necessary in the sale of oriental rugs to create an atmosphere

which resembles the eastern setting of the rugs, and this of course

means very dim lighting. The idea seems to prevail also that the

same thing is true in regard to lighting for all rugs. I believe,

however, that this is largely a fallacy. In the more modern

homes of to-day the rugs are seen in a good light and there is

just as much reason for good lighting for the display of such

goods as for any other line of merchandise.

In regard to furniture departments, polished surfaces are

presented on every hand and unless a highly diffused lighting

system is used the attempt to cut down the glare results in the use

of low candlepower lamps. The absorption of light is very great

in such departments also as in the case of rug departments, thus

often giving the general impression of being lighted to a much
lower intensity than other departments of the store. The power

of example is strong, and if any store with a reasonably good

standing has departments lighted in this manner other stores in

carrying out their lighting schemes are impressed with the general

effect and follow this example in their own cases. There is no

question, however, that by the use of a well diffused lighting

system increased illumination at least to a par with that of other

departments will be justified by resulting sales. Human nature

does not differ materially when purchasing furniture or rugs to

what it does when purchasing any other kind of merchandise.

The people want to see what they are getting, and a well lighted
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salesroom for rugs or furniture will justify its slight additional

expense.

I would very much like to see a further study made of depart-

ment store lighting in all its aspects.

W. F. L1TT1.K: Mr. Murphy asks what method was used in

making the determinations of illumination in the stores. Where-

ever the illumination was sufficiently uniform, but few measure-

ments were taken. On the other hand where a considerable

variation was found, enough measurements were taken at counter

level to secure fairly representative average figures. As stated

in the paper, no effort whatever was made to secure anything but

average intensities at counter height.

Mr. Murphy's question is answered in previous statements,

namely, the ratio of upward to downward flux has been estimated

from tests of similar units.

The discussion brought out by Mr. Murphy indicates the

importance of further study along this line, and it is the

author's hope that such will be forthcoming in the near future.

Norman Macbeth: Will Mr. Little indicate on the table

just which is the winter and the summer months, and also tell

us how many readings were taken? I was in a department

store here a few weeks ago where the manager told me that

all their case lighting was taken off in the summer time and the

lamps taken out of the sockets. He was not quite sure whether

it was on the basis of light or heat.

W. F. Little: Tests A. B, C and D were made in the

summer; E. F. G and H in the winter. The management of

several of the stores objected to measurements being made in

the summer, for the reason that the general level of illum-

ination in their stores was considerably lower than the average.

On the other hand, in every instance full illumination was

available and measured. In our survey we started by taking

a number of readings for each bay, but found after a careful

consideration of the data that three readings, one under the

fixture, one half way between the fixture and the edge of the

bay, and one at the edge of the bay would give very repre-
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sentative values. The reading at the edge of the bay was
multiplied by 16, the half way reading by 8, and the center

reading by i. The summation of these values divided by 25

was used as the average of the bay. With the type of fixture

used in most of the stores, this method proved quite satis-

factory.

In making our survey we advised the store management that

the names of stores in connection with the tests would not be

given, so that we do not feel at liberty to give out this infor-

mation.

J. B. TayIvOr: Is any distinction made in the measurements

between the horizontal illumination and vertical on the side

wall? It strikes me that in all this work altogether too little

attention is paid to the direction of illumination. If it is a rug

you are looking at the horizontal illumination is sufficient but

with some classes of goods the horizontal illumination does

not do at all. You must have a fair amount of light from the

side to see it. If the light all comes from overhead it casts

a shadow on what you are looking at.

W. F. L1TT1.E: As the survey was for the purpose of estab-

lishing the general level of horizontal illumination, no other

values were secured.

C. F. Scott: I went into a laige department store a short

time ago and made a general observation of the illumination.

The lower floor was very large. It had white ceilings and

numerous rows of large square posts which were white. The
illumination was by large white spheres and everything seemed

to be a glare. There were no contrasts and no direction where

the eyes were relieved. Presumably the illumination on the

counters was about right in intensity, but the eyes were so

affected by the strong incoming light from all directions they

were not in good condition to see the things which were there

to be seen. On other floors there were bell-shaped reflectors

throwing the light down and not horizontally into one's eyes.

These remarks may be a little aside from the subject matter

of the paper, but they indicate some of the factors which are

important in a matter of this kind.
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Norman Macbeth: In Table II, what is the approximate

ratio of the upward or downward flux that would be taken,

from your general knowledge?

W. F. Little: The values shown in Table 2 of the ratio of

upward to downward flux are taken from our experience with

similar types of fixtures.

L. C. Porter: I firmly believe that the primary object in

store lighting, as has been expressed before this evening, is to

make the store bright and attractive. The secondary object is

to get plenty of light on the goods. Analyzing the type of units

to improve the appearance of the store has brought me to be-

lieve that the good old-fashioned bulb which gives good dif-

fusion is about as good as anything on the market. It is true

the old-fashioned bulb emits a lot of light flux to the side and

does not get it right down to the goods in the most eflicient

manner possible, but that light which goes to the side makes

the walls and ceilings quite bright and makes the store appear

most attractive. Now one feature that enters into consider-

ation is uniformity of illumination. If you turn to Table III you

will see that it just happens in this one case that the best ratio

between maximum and minimum is from the clothing unit.

That is to be expected. When you have a white ceiling, white

walls and a unit which gives out a good distribution of light

you have got more or less of a large space and the uniformity

of illumination is almost as good as you can get. We get about

40 or 45 per cent, of the flux to the working plane, which is

considerably higher than the other figures. This all bears out

the viewpoint that I have gained more or less from obser-

vation, that the best proposition for a large store lighting is

some good white glass, diffusing-ball or another shape if de-

sired, with color modified in the lamp itself or by some

auxiliary inside the globe.

J. N. Adam : I would like to ask Mr. Little if his survey

included the show windows of these stores. If it does not I

would like to ask him if he has the intensity of the show win-

dows of these stores.
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W. F. Little: The survey did not embody any tests of this

character.

A. L. PowEiyiy: At various times I have given quite a Httle

thought to store Ughting and these figures confirm some of my
convictions. A few years ago the poUcy of getting the Hght

on the goods in the most efficient manner was heard on every

hand. In other words the use of direct lighting was strongly

urged.

The primary object of store lighting, as has been expressed

before this evening, is to make the store bright and attractive.

The secondary object is to get plenty of light on the goods.

With this in mind, if one analyzes the subject to determine

which type of unit makes the store appear best, he arrives at

the conclusion that the good old-fashioned enclosing globe of

white glass which gives adequate diffusion is about as satis-

factory as anything on the market.

It is true that it emits a lot of light flux to the side and does

not get it down to the goods in the most efficient manner
possible, but that light which goes to the side makes the walls

and ceiling quite bright and the store most attractive.

One feature which must be considered is uniformity of

illumination. In Table III it will be seen that in the cases cited

the best ratio between maximum and minimum is with the en-

closing unit. This is to be expected. With a white ceiling,

white walls and a unit giving a symmetrical distribution of light,

the room becomes more or less of a large Ulbrich sphere and

the uniformity of illumination is almost as good as can be ob-

tained.

As to utilization according to this table about 40 per cent, of

the flux reaches the working plane which is considerably higher

than some of the other figures.

The enclosing unit need not be spherical in shape unless so

desired, for a considerable variation in contour does not

materially effect the distribution. A distinctive shaped globe

could be obtained of any decorative period in keeping with the

store. Color modification of the light can be made in the lamp
itself, a special blue glass bulb screening out those rays which
are too predominant for color comparison. If clear glass lamps
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are employed and it is desired to modify the illumination, the

globe itself can be made with a casing or lining of a suitable

bluish color.

In connection with a recent investigation, the writer recently

collected data on the lighting equipment of about one hundred

and twenty-five department stores all over the United States.

It is interesting to note that the average power consumption

per unit of floor area of all these examples is very close to

the value given in the paper, namely, i watt per square foot.
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AN INDIRECT LIGHTING SYSTEM IN A
TEXTILE PLANT.*

BY GEORGE WRIGLEY.

Synopsis: For obvious reasons, it is frequently desirable in lighting

industrial plants to use a small number of large units rather than many
small units, provided uniform illumination without excessive glare can be

obtained. With direct lighting reflectors the size of unit is limited by such

physical features as ceiling height and machinery spacing. This paper

describes a system embodying the use of the largest approved size high

efficiency incandescent lighting unit, arranged to give the best possible

working conditions for the operatives.

In the older type textile mill buildings of slow burning, timber

construction, equipped with mechanical or large group motor

drives, the obstructions and dirt deposits due to belts, together

with the low reflecting value of the ceiling surface made the

direct lighting system practically imperative. The new construc-

tion of reinforced concrete with unobstructed ceilings of per-

manently white surface, and the elimination of belts through in-

dividual motor drives allow an entirely different treatment of the

artificial lighting.

At least fifteen years ago a system of indirect lighting, with

inverted arc lamps, was tried in some of the English textile mills,

but did not secure extended approval and probably proved un-

satisfactory because of the troublesome maintenance of the arcs.

The development of the larger size gas-filled incandescent lamps

has provided a unit which when properly installed is ideal for in-

direct lighting service.

In a textile plant the preparatory processes involve the cir-

culation and deposit of quantities of lint and dust. In the spin-

ning and weaving processes this occurs only to a limited extent.

While there is some objection to the indirect units in the prepara-

tory departments, this objection is of no serious consequence in

the other departments, especially if means are provided for keep-

* A paper prepared for the 1916-17 Correspondence Convention of the Illuminating

Engineering Society, and circulated among members of the Society and others who were
thought to be interested.

4
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ing the lint from direct contact with the high temperature lamp

bulb. The processes in the preparatory department are of such a

nature as not to necessitate eye strain.

When the Republic Cotton Mills, at Great Falls, S. C, de-

cided to build their No. 2 Plant, the owners requested that the

indirect lighting system be used if practicable, especially as it was

planned to operate this plant on both night and day runs. This

mill is housed in a modern building of reinforced concrete con-

struction three stories in height and with over-all dimensions of

398 ft. by 131 ft. (121 by 40 m.) Small group-drive motors with

belts are used in the preparatory departments and individual mo-

tor drives are used in the weave room and the spinning room.

This plant is designed to manufacture cotton print cloths and

does not finish or print the product.

A fixture suitable for use with either a 500- or a 750-watt gas-

filled incandescent lamp was designed, and the approval of the

Insurance Underwriters obtained for using this unit in the weav-

ing and spinning departments on the second and third floors, re-

spectively. Direct lighting was adopted for the preparatory de-

partments on the first floor.

The units as finally installed have a capacity of 500 watts and

each contains a single lamp. The units are installed on rectangles

measuring 22 by 26 ft. (6.7 by 7.9 m.), a total of 572 sq. ft.

(54 sq. m.), an equivalent of 0.874 watt per square foot. The

fixture consists of a steel shell bowl enclosing a glass bowl with

spiralled mirror reflecting surface, and a cover bowl of clear,

heat-resisting glass. The cover bowl projects beyond the edge

of the lower steel bowl, leaving an air space for ventilation.

Cooling air passes through this opening, down between the steel

bowl and the reflector, up through an opening in the bottom of the

reflector, past the lamp and out at ventilating openings near the

fixture stem. The fixtures are suspended by rigid conduit with

the cover bowl 42 in. (106 cm.) from the ceiling, and approxi-

mately 8 ft. (2.4 m.) above the average working plane.

The lighting effect obtained is very satisfactory, and the work-

ing visibility of a high order. In comparison with direct lighting

on similar work, eye fatigue is noticeably lessened.



»^
g.^^

Fig. I.—General view of mill.

Fig. 2.—\\'arper room by art'ficial light.

Fig- 3.—Weave room by day light.



Fig. 4.—Weave room by artificial light.

Fig. 5.—Weave room by day light.

Fig. 6.—Weave room by artificial light.
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In consideration of the results obtained, together with the low

cost of power, amounting to approximately 0.65 of a cent per kilo-

watt hour, the slight increase in power consumption over direct

lighting practice is of no serious consequence.

To some extent the photographs show the absence of hard

shadows under the machines, the details of machinery and the

yarn in process of manufacture.
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ABSTRACT—AN ASPECT OF LIGHT, SHADE,
AND COLOR IN MODERN WARFARE.*

BY M. LUCKIESH.

The subject was treated from the viewpoint of the theory and

practice of camouflage. Camouflage is a modern term for an old

art which has been practiced by nature long before the advent of

man. Animal coloration is an important factor in the Darwin

theory of evolution or of the survival of the fittest. In this great

war the practice of camouflage is highly developed and we must

consider an aspect of the science of light, color, and vision which

is not ordinarily considered by the artist. Excellent work
has been done on animal coloration and excellent analyses are

available. One of the chief principles of animal coloration is

broken color and pattern. An object of solid color can not be

easily concealed in natural environments. Natural camouflage

involves general hue, pattern, countershading, mimicry, mobile

color and pattern, etc. Black areas on animals may simulate

shadows. Pattern may be used to simulate the background, to

alter the appearance of the outline of the animal, to bewilder the

enemy, etc. Most animals are counter-shaded, being of higher

reflection—factor underneath to compensate for the lower illumi-

nation intensities on these areas. Some animals imitate by their

form or posture inanimate objects or other animals that are

dangerous. Some animals change their coloring with the season,

others almost momentarily. Thus from nature the camoufleur

may learn much and the lighting expert is equipped with knowl-

edge of the other scientific aspects.

About fifty lantern slides were shown which illustrated the as-

pects of color science involved, the variation in nature's lighting,

the practice of camouflage, the theory and practice of aerial pho-

tography which is the enemy of camouflage, etc. On overcast

days the problem is simplified but on sunny days the shadows

present difficulties which are met by effecting other "shadows"

and therefore confusion, by special contours of objects in order

to minimize shadows, and by other expedients.

The artist usually deals with color from the subjective stand-

* Abstract of an address by M. I^uckiesh, delivered before the New York Section on

March 14, 1918.
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point and the importance of imitating the surroundings by means
of pigments which are spectrally the same was emphasized. For
example, the chlorophyll green of vegetation appears green but

exhibits a deep red band in its spectrum. A green paint which

would ordinarily be mixed to match this green subjectively would
not exhibit the red band spectrally. When such an artificial green

is viewed through a deep purple filter (such as methyl violet) or

a dichroic green filter it appears a dark gray but through these

filters the chlorophyll is a brilliant red. By means of spectral

analysis, pigments can be mixed to simulate the desired color

spectrally. Attention was directed to experiments made by the

speaker before the war on the use of filters for defeating

camouflage or for revealing objects such as soldiers by augment-

ing the contrast.^ By means of filters, we apparently produce

eyes which in effect are the same as though they differed in spec-

tral sensibility. The many photographic plates of different

spectral sensibilities also emphasize the importance of the spectral

viewpoint toward camouflage. The aspects which the earth pre-

sents when viewed at heights as great as 2 miles were described

from personal experience in studying this phase. Marine

camouflage and other aspects were also treated. The address

emphasized the extending breadth of the field for the lighting ex-

pert as he extends his knowledge of the facts of light, vision,

color, and the appearances of objects as influenced by their color-

ing and by the distribution and quality of light.

1 M. I^uckiesh, Color and its Applications, pp. i6o, 272, etc.
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ROCKETS AND ILLUMINATING SHELLS AS USED IN
THE PRESENT WAR.*

BY A. BERGMAN.

Synopsis: Rockets and illuminating shells are extensively used in

modern warfare. They function not only in revealing enemy movements,

but also in laying down light barrages behind which it is impossible for

the enemy to see. The usual rockets are self propelled as are the common
spectacular fireworks. The present war has introduced illuminating shells

which are fired from trench mortars, rifles, and heavy pieces. These

shells, consisting of tube, base, top, star and parachute, are fired at veloci-

ties of the order of 2,700 ft. (824 m.) per second. They may be gauged

to ignite at any distance from 200 yd. (183 m.) to 4 miles (6.45 km.) and

to bum from 3 to 30 seconds. Curves are included showing the relations

between candlepower and time of burning.

The value of rockets in war time was appreciated very early

in history, but they were used practically only for signalling pur-

poses up to very recent date.

All night long, and along the whole western front rockets or

star shells are sent up in an endless stream; the purpose being,

of course, to enable observers to discover any movements of the

enemy, his patrols or whatever activity he might attempt in the

dark.

The most effective point from which to illuminate a given area

is from directly above, although if the enemy is out in the open,

for example, in the act of attacking, it is often of advantage to

* A paper presented before a meeting of the New York Section of the Illuminating

Engineering Society, New York, April 11, 1918.
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attempt to place the light behind him, as he will then present a

splendid silhouette target against the illuminated background.

The light will then also be further away from our own trenches,

leaving them in greater darkness.

Another novel use for rockets and illuminating shells is to use

them as a "light barrage," behind which it is possible to execute

movements without fear of having our activities discovered by

the enemy. A light barrage is produced by causing a very large

number of lights to burn continuously between the enemy's and

our own trenches. It is impossible to see through this curtain

of light and the only answer to this that the enemy can give is

to blindly shell and sweep the terrain with rifle and machine gun

fire in hope of hitting something.

ROCKETS.

The rockets used are principally of two different kinds, i. e.,

the ordinary, well-known type that sails along ahead of a tail of

fire, and which finally bursts in a brilliant flash, illuminating a

large area for a few seconds.

L^ater improvements of this type of rockets provides a star

that does not consume itself in a single flash, but which burns

with a brilliant light during the few seconds it is falling to the

ground.

The second type of rockets is also operated on the same prin-

ciple, but in its head it also carries a parachute to which the star

is attached. Through this arrangement it is possible to keep a

brilliantly burning star suspended in the air for a comparatively

long time, which is generally fixed to be about 30 or 35 seconds.

ILLUMINATING SHELLS.

In addition to rockets, "illuminating shells" are used; the

fundamental difference being that while the rockets are propelling

themselves through the air, the illuminating shells are fired from

a suitable weapon, and the development of this shell has now
reached such a high degree of perfection that different types of

them can successfully be fired from rifles, trench mortars and

field as well as naval guns.

It is particularly remarkable that it is possible to successfully

fire illuminating shells from the powerful naval guns. It must
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be noted that by its nature a part of the make-up of such a shell

is of a flimsy material such as the parachute, which in these shells

are made of silk with its attachments of cords, etc. These shells

are fired with a velocity of over 2,700 ft. (824 m.) per second

and the chamber pressure required therefore is nearly 20,000 lb.

per sq. in. (1,400 kgm. per sq. cm.). A standard time fuse

causes the shell to operate at any point up to several miles. The
burst ignites and ejects the star with the parachute which opens

up and keeps the burning star suspended until it has consumed

itself.

This performance is undoubtedly the triumph of pyrotechnics

to date in this direction.

GENERAL DESCRIPTION OF ILLUMINATING SHELLS.

The five principal parts employed in the construction of illumi-

nating shells are as follows

:

The tube, which forms the sides or body of the shell and which

is made of heavy paper tightly rolled in many layers and glued

together, or when the shell is intended for long range shooting it

is made of fiber or metal.

The base, made of wood or metal in which generally a fuse and

a bursting charge are located.

The top, which is simply a disc of wood, fiber or any other

suitable material and which is so attached that it can compara-

tively easily be forced out from the inside.

The star is a powerful illuminating compound made of various

chemicals such as barium, nitrate, potassium perchlorate, pow-

dered aluminum, magnesium, etc. These are carefully mixed

and rammed hard into a container of suitable material.

This container has a top and side, usually cylindrical in form

and is filled to within about % in. (0.32 cm.) of bottom with

the illuminating composition. The remaining space is used for

an ignition charge such as finely ground black powder called

"mealed powder."

The parachute, made of paper or silk and so packed together

as to readily open when expelled.

THE FUNCTION.

When the illuminating shell is fired, the fuse starts burning

either from the flash of the propelling charge or through the

action of a mechanism operated by the shock of the discharge.



222 TRANSACTIONS I. E. S. VOIv. XIII, NO. 4, JUNE 10, I918

When the spark reaches the termination of the fuse it ignites

a bursting charge, which upon exploding ignites and expels the

star and the parachute forcing out the top of the shell.

The velocity of the star acts upon the parachute in such a

manner as to open the same, whereupon it floats, suspended in

the air until it has consumed itself.

MAIN TYPES OF ILLUMINATING SHELLS.

By introducing a time fuse that can regulate the bursting

point of the shell, the star can be released and ignited on any

desired point in the shell's trajectory. This makes it possible to

utilize the same shell regardless of the distance from the gun to

the object it is desired to illuminate.

There are, however, so many other conditions to be considered

that, although the drawback of a multiplication of ammunition is

fully recognized, it would serve to increase the efficiency of an

army if say three different sizes and types of illuminating shells

having the following characteristics were supplied:

To be fired from Max. range

1. Rifle (as rifle grenade) 200 yards (183 m.)

2. Trench mortar i mile (1.6 km.)

3. Field or naval gun 3 to 4 miles (4.8 to 6.4 km.)

RIFLE ILLUMINATING SHELL.

Such a shell should be fired by the same method as a rifle

grenade and could be constructed very simply. A time fuse that

could be regulated would hardly be necessary, but could easily

be provided. The ignition of the fuse could be accomplished

either through a channel in the rod or by using a plunger.

An illuminating shell of this kind is not fired through the bore

of a gun and does not receive such a severe shock as would be

the case if a longer range was sought, and could be made with

the usual casing eliminated, that is, it would not be necessary to

fire a metal tube, from which later the illuminant with its para-

chute was ejected. This illuminant could be packed in a car-

tridge of enough strength to itself form the body of the projectile,

to the head of which can be attached a pointed metal hood, inclos-

ing a parachute, the bottom end of which can be provided with

a metal base holding the time fuse and to which the cord and

wings are attached. At the proper moment this bottom base

with attachment can be blown off with a small bursting charge,
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which at the same time ignites the illuminant and releases the

parachute by also detaching the metal hood.

Signal lights can also be substituted for the illuminant and so

constructed that the colors could be interchanged just prior to

their use and made to burn in the desired rotation.

TRENCH MORTAR ILLUMINATING SHELL.

An illuminating shell with a range of i mile (1.6 km.) to be

fired from a trench mortar required a materially stronger con-

struction than would be necessary in a rifle illuminating shell.

A range in excess of i mile (1.6 km.) can be obtained by this

type shell by increasing the powder charge, but for various

reasons that will be mentioned later, it is advisable to limit the

range of this type to about that distance.

The satisfactory functioning of the parachute is one of the

most important points in the construction of an illuminating shell,

and one of the factors that make it advisable to limit the range

of this type to about i mile. The parachute should be as large

as practical so as to prevent the star from descending too rapidly.

It should, however, be noted that since the star becomes lighter

as it is consumed the speed of the descent becomes correspond-

ingly less and finally becomes hardly noticeable.

The larger the parachute, however, the greater is the strain

put on it when it is made to open in the path of the shell's tra-

jectory where the velocity is greatest. Hence, if it is desired to

utilize the full benefit of a time fuse, it will be necessary, if the

maximum range is made very long, to use a parachute so small

as to decrease its general efficiency. This difficulty could, how-

ever, be overcome by changing the propelling charge with the

range required, but this is a drawback that if possible should be

avoided.

The above is the main reason for advising a mile (1.6 km.) as

the limit for this type of shell as in order to make the parachute

stand the strain of opening say at 200 yd. (183 m.) when its

container has an initial energy capable of carrying it a mile

(1.6 km.), it has been found necessary to develop means by

which the opening of the parachute, after it has been ejected

from its case, is delayed until the velocity of the star is retarded.
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ILLUMINATING SHELL TO BE FIRED FROM FIELD
OR NAVAL GUN.

For ranges of more than i mile (1.6 km.) it is advisable to so

construct the illuminating shells that they can be fired from a

standard field or naval piece such as the 3 in. (7.6 cm.) or larger

guns.

Radical changes in the design of such shells from those above

mentioned is necessary, but the fundamental principles are the

same, as the problem to be met remains the same only in a greater

degree, but they are met by enlarging the means to counteract

them.

The size, shape and preferably also the weight should coincide

v^ith standard shells, but it is not necessary or even advisable to

utilize standard shells, as these are designed to be used for a

different purpose. Furthermore, they are more expensive shells

than are necessary for the purpose of carrying an illuminant and

parachute until it is to be ejected.

A steel tubing fitted v^ith a standard copper band v^ith the

inside v^^alls parallel and having enough wall thickness to give

the necessary strength and required weight, serves the purpose

admirably. A standard or modified head with a standard 21-

second fuse fitted to this tube. The bottom is made in a separate

piece and so attached that at the desired moment, it can be blown

off without scattei;ing or putting undue pressure on anything

else. With the bottom off, the illuminant, parachute, etc., is

ejected backwards with enough force to greatly counteract the

velocity at which it was traveling, thus helping in relieving the

strain on the parachute.

It is necessary also in this type of shell to take into considera-

tion centrifugal force and its action on the operation of the para-

chute. Provision for this must be made in the packing and by

attaching sufficient cord or chain of suitable material adequately

fitted with swivels, between the illuminant and the parachute.

GENERAL NOTES.

In determining the length of time the illuminant shall be made
to burn, it should be borne in mind that there is little advantage

in producing an illuminant that will burn for an extended period,

except possibly in coast defense work in shells with a very long
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range, as even a moderate wind will, during a minute, carry the

star a considerable distance.

Furthermore, everything else being equal, the more rapidly an

illuminating compound is allowed to burn the more brilliant will

be the light.

Hence, it is better not to use an illuminating compound that

will burn for the longest possible time, but to limit the time ele-

ment to a reasonable degree and to fire the illuminating shells

so much more frequently.

The parachute should be made of silk. This fabric combines

strength, light weight, ability to resist deterioration indefinitely

when sealed in a shell, provided proper precautions are taken,

and the quality of not becoming so creased after long packing

that the parachute might fail to operate correctly.

The parachute itself as well as the cords attached to it may
be fireproofed as there is the possibility that they otherwise

might be ignited by a spark.

CANDLEPOWER DEVELOPED.
To determine the values of flares for illuminating purposes,

the candlepower developed should be measured and the time of

burning noted. The values obtained should be reduced; first

into candlepower-seconds and then into candlepower-seconds per

cubic inch of composition. Only after obtaining these values is

it possible to intelligently compare flares for the purpose of

determining which develops the most candlepower. For example,

we have two flares of the same length and diameter:

No. I burns up in 4 seconds, developing at an average 354,000 cp.

No. 2 burns up in 30 seconds, developing at an average 47,200 cp.

It is difficult or impossible to state which of these two illumi-

nants is the better, without reducing their performance into

candlepower-seconds when it will be found that

:

No. I develops 4 X 354,ooo cp. =: 1,416,000 cp.-s.

No. 2 develops 30 X 47,200 cp. = 1,416,000 cp.-s.

. That is, the two flares developed the same amount of light in

the aggregate, although No. i generated it seven and one-half

times as fast as No. 2. (As these two illuminants were of equal

size it was not necessary to reduce the values to candlepower-

seconds per cubic inch.)
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The above is more fully exemplified in the following table and
in Fig. I, which give the actual data obtained from photometric

tests of eleven lights, the illuminating elements of whose com-

position were identical, differing only in the time in which they

were allowed to consume themselves.

TABLE I.

—

CandIvEpower and Time of Burning.

Diameter of illuminants 1.94 in. (4.92 cm.).

Burning surface 2.95 sq. in. (19 sq. cm.).

No.

"A"

Total
length
of lighti

inches

"B"

Total
burning
time

seconds

"C"

Average
candle-
power

"D"
Burning
time

per inch
seconds^.

B
A

"E"

Cubic
inches
of com-
positionS
AX2.95

"F"

Total
candle-
power
seconds
BXC

"G"
Candle-
power
seconds

percu.in.*
F
E

71 2.44 16 213,000 6.5:, 7.2 3,400,000 472,000

72 2. ID 269,000 5- 5.9 2,690,000 456,000

77 2.25 22.5 143,400 10. 6.65 3,210,000 482,500

78 2.12 16. 186,500 7.55 6.25 3,000,000 480,000

92 2.25 35. 89,700 15.5 6.65 3,140,000 472,500

100 2. 34 79,800 17. 5.9 2,710,000 460,000

103 2.37 35 96,700 14.75 7. 3,385,000 484,000

no 2.37 31 108,800 13.1 7. 3,375,000 482,500

III 2.37 32 113,300 13-5 7. 3,630,000 520,000

112 2.63 32 115,150 12.2 7.75 3,680,000 475,000

113 2.5 28 132,300 II.

2

7.4 3,700,000 500,000

One had ignition charges resp. 0.62 (i 5 cm.) and 0.87 in.
(
2.21 cm.)

long, which burned 4 and 5 sec. These val lies are not included in above

data.

The candlepower-seconds per cubic inch developed by these

illuminants showed only slight variation, although the time of

burning varied from 5 to 17 seconds per inch (2.54 cm.) and

the candlepower from 269,000 to 79,800.

The average candlepower-seconds per cubic inch was about

480,000, which value can be used in fixing the value of this par-

ticular light.

The point in the above which in particular is of practical useful

interest is the deduction derived, proved by actual tests, that a

fixed volume of a fixed composition will develop a fixed number

of candlepower-seconds regardless of its speed of burning. It

is of course understood in considering this point that no changes

1 Multiply by 2.54 to obtain length in centimeters.

8 Divide by 2.54 to reduce burning time per centimeter.

3 Multiply by 16.4 to obtain cubic centimeters of composition.

* Divide by 16.4 to obtain candlepower-seconds per cubic centimeter.
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in the percentages of the various chemicals used in making up

the composition be permitted in order to cause the fluctuation.

The time of burning, in the eleven sample illuminants used by

us, was regulated only by treating the composition by various

methods.

400,000

38Q000

360.000

340.000

32Q000

6 8, JO 12 14 1^ 18.. 20 22 .24 .J2&^2a .,;$P

Xifn© 6f,0urr^fno| per Inch—Seconds

Fig. I.—Relationship between candlepower and time of burning. Calculated from data
obtained through photometric tests of lights, having a burning surface of 2.95 square
inches, and which lights developed at an average 480,000 candlepower seconds per
cubic inch of composition.

In making a study of the chart, Fig. i, it was noted that the

lights giving the highest and the lowest candlepower showed a
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tendency to fall below the curve, while two of the lights at the

center came above the curve.
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Fig. 2.—Candlepower second dseveloped percubic inch of composition; burning
surface of illuminants—2.95 square inch.

Light No II

3

Total Length 2.5 in

Time of Burning 28sec
AverageCP 132,300

Light No. 1 12
Total Length 2.6 in.

~ me of Burning 32 sec

Average G.P 115.150

8 10 12 14 16 18 20 22 24 26 28 30
Time of Burning -Seconds

O 2 4 6

Fig. 3.—Degree of fluctuations in candlepower.

This led to the plotting of Fig. 2, which shows the candlepower-

seconds developed per cubic inch (16.4 c.cm.) of composition in

connection with the time of burning of the flares, and the plotting

seems to indicate that there is a slight tendency towards decrease

in the candlepower-seconds developed when the time of burning

increases or decreases beyond a certain point. The maximum
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efficiency appears to be when the flares are made to burn at the

rate of between 10 and 12 seconds per inch (2.54 cm.). The
variation, however, is so shght that it is more of academic than

of practical interest, but it might be a point to be taken under

consideration if flares are to be made to be burned for an abnor-

mally long or short period. The data we have on this point,

however, is insufficient to determine anything definitely.

We also wish to point out that all our data is obtained from

illuminants having a burning surface of 2.95 sq. in. (15.5 sq. cm.)

and we have had experience that might indicate that lights

with a smaller burning surface would develop less candlepower-

seconds per cubic inch. If this proves true it is probably due to

the fact that less heat is generated, which might result in less

perfect combustion.

Fig. 3 is attached only to show the comparatively slight fluctua-

tions in the lights we have now succeeded in producing. The
lights referred to on this sheet were of the same lot as fired

at Sandy Hook on September nth, when it was demonstrated

that they were suitable to be used in our illuminating shells.

DISCUSSION.

h. M. Waldo : As Mr. Bergman has pointed out, the illumina-

tion of the field is almost continuous, and some of Mr. Berg-

man's colleague companies have been devoting themselves not so

much to the question of these aerial flares, but to flares which

are used for indicating the place to which the aviator must re-

turn. Those flares are usually called position lights. They are

of equal power and they are placed along the service line, so

that distant aviators can see these lights, even 30 and 40 miles

away, and can find an easy way home. The duration of flares

of that description, must be somewhat longer than the flare

which have been shown this evening. They run a minute, two
minutes, sometimes as high as eight minutes. In connection with

all flares of that class, the question of smoke is almost vital.

Some flares have been designed in which the transmission of

light is 71 per cent, through the smoke. Of course that gives

you an additional value.

Flares are generally tested under the protection of a smoke-
stack anywhere from 70 to 80 feet high, so that the operators

can be protected from the smoke, which is very great sometimes,
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and if they were tested under actual conditions, it would end

in a great deal more efficiency being displayed.

C. E. Crittenden : The distribution of light from these flares

is a matter in which there is often misunderstanding. These

things are practically flames. The light comes very largely from

an extended flame, rather than from a crater, and except for the

shadow cast by the base of the flare, the light is practically the

same in all directions.

C. O. Bond: In making a hurried calculation just now, it

would appear that the cost per candle hour for light is less with

these star shells than with wax or paraffin candles.

Norman Macbeth : I understand from Mr. Bergman that

the effective area is a matter of 6oc yards diameter and I assume

that that shell burns from the top, so that the maximum is

largely in the upper hemisphere and on the horizontal.

A. Bergman : It burns from the bottom. Not very long ago

we were burning a light up here at the Electrical Testing I^abora-

tory, that gave wonderful candlepower, a beautiful amber col-

ored light, which is not so dazzling as a white light; and there-

fore preferred by some authorities. The light rays spread in all

directions, but it gives, of course, the most illumination straight

downwards, when it hangs suspended from a parachute.

Norman Macbeth : On the basis of our ordinary cost of

lighting service, I believe that this lighting, assuming 50 cents

for 150,000 candlepower for 30 seconds, is equivalent to only

5 to 10 times the cost of light produced from our ordinary gas

and electric lamps.

Iv. M. WAI.D0: A great many thousands of dollars has been

spent in determining the rate of combustion of the case and the

charge within it. This rate should be identical for both the case

and the charge in order to prevent the formation of just these

lateral shadows. If you have 200,000 candlepower flare and your

case is not consumed at an equitable rate, your candlepower will

show great discrepancies. The problem is by no means com-

pletely solved. One begins to use the aluminum case and then he

finds aluminum cases disappear with unheard of rapidity, and he

goes to steel cases, and he gets the same results. It is a very hard

thing to float a shell in the air with the mouth downwards.
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Iv. C. Porte;r : I have been interested in comparing the candle-

power of these flares with the candlepower of searchHghts. We
had flares here going up to 20,000 candlepower if not higher.

We can easily obtain incandescent searchlamps which will go up
to 3,000,000 candlepower, but the great difficulty in using search-

lights for landing purposes is that you can not always tell where

the aviator is. He may be over here or over here or behind you,

and the beauty of the flare is that it is visible from any point in

the sky, whereas, with a searchlight at long distance, 25 to 30

miles, it would only be visible at the time the aviator happened to

be in line with the beam of the searchlight itself. Several ingen-

ious schemes are under development by which the searchlight

will cover all sections of the atmosphere at different times, so

that the aviator may be able to see the searchlight. I think that

this is a much more economical method of lighting than by flares.
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MOTION PICTURE PROJECTION WITH TUNGSTEN
FIEAMENT LAMPS.*

BY J. T. CAI,DWE:I.I., A. R. BENNINGTON, J. A. ORANGE AND

L. C. PORTER.

Synopsis: The past year has seen the beginning of an extensive intro-

duction of tungsten lamps into the moving picture projection field. The
development of lamps for this purpose had its inception in the General

Electric Company's Research Laboratory at Schenectady. It has been

carried through to the commercially successful stage by the engineers of

this and other manufacturers co-operating in the development of incan-

descent lamps. This account of the development is drawn up by those

engineers and rounded out by a representative of the laboratory. This

paper covers the historical development of the carbon-arc motion picture

projector and points out some aspects of the art of projection that favors

the replacement of the arc by the incandescent lamp. The types of lamps

used together with illustrations of the auxiliary equipment, and data on

the advantages and disadvantages of the several systems form the major

part of the paper. An appendix gives some important commercial aspects

of the subject.

HISTORICAL INTRODUCTION.

Prior to the development which is treated of in this article,

the commercial projection of moving pictures was dependent on

the use of the carbon arc almost entirely. In a few very ex-

ceptional cases the limelight had to be used; sunlight too may

have found a limited application.

A short time after the gas-filled tungsten filament lamp had

become an assured success, Dr. W. R. Whitney instigated an

endeavor to devise some form of the lamp which might be used

for this purpose. The data available indicated that the best line

to follow was one which started out from a special lamp made
* A. paper prepared for the 1916-1917 Correspondence Convention of the Illuminating

Engineering Society. This paper was also presented before the New York Section of the

Society on December 13, 191 7.
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but a short time before for Mr. J. B. Taylor, who was interested

in micro-photography.

On the theoretical side, the outlook was fairly good from the

start. The then recent introduction of the "gas-filled" principle

had caused a jump of some seven fold in the intrinsic brilliancy

attainable with tungsten filaments, on a given life basis. The
brilliancy of the filament under practical limitations could reason-

ably be expected to be of the order of 20,000 cp. per sq. in. (30

cp. per sq. mm.).

The crater of the d-c. carbon arc (with cored anode) was well

known to have a brilliancy of 84,000 cp. per sq. in. (130 cp. per

sq. mm.) almost irrespective of the current strength. The a-c.

arc was found, as might be expected, to have a lower brilliancy

while the limelight showed a brilliancy which was only of the

order of 2,000 cp. per sq. in. (3 cp. per sq. mm.).

It looked as if the tungsten filament possibilities were quite in

the arc class, especially if we could contrive to arrange the fila-

ment so as to constitute a light source of extension sufficient for

the purpose and averaging up approximately to the brilliancy of

the filament considered to detail. When this had been accom-

plished a trial was made in a projection machine, with results

which were very encouraging.

The Westinghouse Lamp Company and the Edison & National

Lamp Works of the General Electric Company have devoted a

great deal of attention to the problem and have now arrived at

the commercial stage.

Some brief consideration of the illumination principles under-

lying projection devices is essential to a proper understanding

of this development.^ Two styles of treatment are applicable in

a case of this kind ; the one introduces the notion of a ray of light

and arrives at quantitative results which are unquestionable if

the user is sure of his ground and uses the ray-fiction consistently

throughout; however, the process is difficult and success is ex-

tremely rare. The other and less popular method answers all

questions of light quantity by recourse to the conception of

^ A more complete account is given in Trans. I. E. S., p. 768, Vol. XI, 1916.

3



234 TRANSACTIONS I. K. S. VOL. XIII, NO. 4, JUNE) lO, I918

brightness and simple optical principles ; this method is well-nigh

infallible and it is the one adopted in what follows.

The simplest projection device is the ordinary camera.

Neglecting the minor matter of lens losses the only things of

significance in the illumination aspect of the device are the bright-

ness of the object projected and the angular value of the lens

opening (the so-called speed or F-number of the lens). This

must be somewhat qualified when short exposures are considered,

because the average working opening, which is what counts

photographically, is less than the full opening of the lens

diaphragm owing to the finite duration of the shutter action. The
satisfactory camera represents a compromise in the matters of

lens speed and shutter design. The higher the "speed" the greater

the illumination value, the lower the "speed" (within reason)

the easier it is to provide for a well-defined picture. A
shutter which does not impose a serious limitation on the effec-

tive opening at short exposures calls for much mechanical in-

genuity.

The moving picture projector can be regarded as an elaborate

camera. The factors in the illumination problem are, (i) the

brilliancy of the object, viz: the film, (and if we ignore the

picture or think only of the clear parts of the film, the brilliancy

of the light source is practically identical with this). (2) the

effective working opening or speed of the projection lens.

As in the case of the camera, the actual diaphragm opening oi

the lens must be considered, and there is again a shutter which

affects the average working opening as is evident from simple

mechanical and geometrical considerations. In addition to these,

however, there is additional restriction of the effective lens-

opening in two ways, one of which is determined by the size of

the light source, and the other by the angular value of the con-

denser opening relative to points on the film. This is the reason

why the brilliancy of the light source and the gross angular

opening of the projection lens do not entirely determine the

illumination performance, (neglecting trivial losses). If they

did, there would be no such variation of performance as is

actually obtained by using d-c. arcs of different amperage.
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Fig. I.
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(A) Filament burning with no mirror in place; (B) filament burning with

images inserted by properly focused mirror. The action of the mirror with the

lamp having two rows of coils is somew^hat similar but difficult to illustrate.
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Fig. 2.—Showing general mode of action of spherical mirror used with incandescent

lamps, for projection purposes. The action of the mirror with the lamp having
two rows of coils is somewhat similar but difficult to illustrate.



Fig. 3.—Types of lamps used for motion picture projection; "^," 600 watts;

"-^i" 750 watts; "C" 1200 watts. All ^ scale.



CALDWELIy, ETC. : MOTION PICTURE) PROJECTION 235

Really, the system which is commonly advocated in arc practice

imposes a serious limitation on the effective projection lens-

opening, and in this case the size and position of the condenser

lens are responsible.

Enough has been said to indicate that the tungsten lamp—al-

ready in the arc class—can be made to yield results quite com-

parable with the commercial standards of illumination now
obtained with the arc, the only requirement being appropriate

optical equipment such as is now available for most classes of

theatres.

Since the existing commercial standards of illumination are

giving satisfaction to the theatre patrons, it is sufficient for us

that we have attained them with the incandescent lamp. What
might be accomplished with the arc, if elaborated and tricked out

afresh with an improved optical train, does not interest us. The
inherent disadvantages of the arc in either a-c. or d-c. form are

so marked and so numerous as to constitute a sufficient answer

to that question.

As in most matters which involve a great diversity of consider-

ations the choice of a projection outfit does not admit of a single

detailed recommendation which can claim the support of all com-

petent judges. The various factors refuse to be reduced to a

common denominator and the relative weight which they receive

will depend on the judge. To take only one analogy, automobiles

of any one class vary greatly in the details of construction, al-

though the technique is well-nigh common property. As we
have said, this simply means that the engineers assess the im-

portance of different considerations differently and hence arrive

at different compromises in their recommendations.

In our account of the various forms of apparatus we can

simply indicate the advantages and disadvantages without at-

tempting to assess the relative importance; each author very

naturally holds to his own opinions on such points and discussion

would be out of place on this occasion.

THE LIGHT SOURCE.

Technical men who are unfamiliar with lamp design generally

seem to assume that the best form to give the tungsten would

be a thin plate. There are very weighty reasons against using
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such a form ; to make this clear would require a discussion of the

involved relations of voltage, current, brilliancy and life. It is

unnecessary to go into that aspect of the matter because we be-

lieve that the filament constructions now used in the lamps have

a mean light-source brilliancy closely comparable with that of the

smooth plate at the same temperature. The sole respect in which

a plate has any advantage is in perfect evenness of brightness;

this is of absolutely no consequence when the proper optical train

is used. In all other respects the plate would be woefully handi-

capped.

The filaments, which are of thick wire, are wound in helical

coils of very small pitch and the inevitable separations between

the coils are taken care of by a systematic arrangement of a con-

cave spherical mirror mounted behind the lamp. (See Figs, i

and 2.) Thus the light source may be viewed in any direction

which is of practical significance, and it will show an almost un-

broken assemblage of filament and mirror image. True the

mirror image is appreciably less bright than the filament proper,

but it should be remembered that much of the surface seen is

substantially brighter than a simple tungsten surface at the same

temperature. This is due to the high reflectivity of tungsten and

what may be called the "perforated" character of the source.

The mirror serves an additional purpose in that it restores to

the filament a very appreciable amount of radiated energy, which

would otherwise be wasted ; consequently the power consumption

is somewhat reduced. To sum up, the mirror confers evenness

of source, higher mean brilliancy, and lower wattage.

The lamp bulbs used are specially designed so as to allow of

correct placing of the filament with respect to the condenser and

mirror, while the screw bases are at the bottom, an arrangement

which seems advantageous in every way. Three types of lamps

are shown in Fig. 3.

The life-basis on which the moving picture lamps are designed

is 100 hours. This makes the lamp renewal cost comparable with

the present carbon renewal cost. At present there is no certain

method of establishing the most desirable life. Combined cost

per lumen on the screen for lamp renewals and power is not a

safe guide because satisfactory screen illumination (from the

patrons' standpoint), is of greater importance than the cost
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differences involved. The dimensions of the light source are not

chosen at random, but are based on careful consideration of the

rest of the optical train.

^
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Fig. 4.—Scale drawings showing especially the angles which the condenser subtends

at points on the film. C, condenser; S, center of source; A, "aperture plate,'"

z. e., frame of film; B, objective hole in machine head.

The condenser, in each of the alternative systems, subtends a

much larger angle at the film than is customary in arc practice.

The importance of this has already been mentioned. The dia-

grams here given demonstrate this. (See Fig. 4.)

Arc practice is quite variable and we have selected for com-

parison the layout advocated by Mr. F. H. Richardson, who has

devoted much effort to improving and standardizing arc outfits.*

2 Motion Picture Handbook, 1915, New York, 3rd Edition, p. 140.
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We are some times asked why it is not better to vary the con-

denser and lamp according to the "speed" or angular aperture of

the objective. The point has been considered and the decision

reached that no good purpose would be served.

The Coming condenser (see Fig. 5), used in two different

sizes in outfits A and B, deserves a special note.

Light
50URCE
Sibt

Fig. 5.—Section of the Corning condenser.

This condenser is what is known as a Fresnel lens, i. e., it has

prismatic rings. Such a construction has one main advantage

and one main disadvantage. The advantage is that the lens is

not inordinately thick and the disadvantage is that there are un-

avoidable discontinuities between the rings which result in some

loss of "aperture" in the condenser. Incidentally, we may
mention that the fact that the lens is a moulded product renders

it easy to obtain forms of surface which are better suited to the

present purpose than would be regular spherical surfaces. The

glass used is a heat-resisting variety.

PROVISION IN VIEW OF LAMP FAILURE.

It is essential in theatre work that interruption of performance

be avoided just as far as is possible. This means provision for

very rapid substitution of a new lamp in place of a burnt-out one.

The problem has been solved in two or three ways, and the solu-

tions are entirely practicable. Description of the mechanism

used for this purpose and also for the adjustment of lamp and

mirror would be out of place here. (Fig. 6.)
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Fig. 6.—I,anip and reflector adjusting mechanism.



Fig. 7.—Experimental set-up of incandescent lamp motion picture equipment.
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Suffice it to say that the adjustment of the spare lamp is accom-

plished before hand, as occasion serves, and when the lamp has to

be brought into action simple mechanical interchange is all that

is necessary.

PROJECTION LENSES.

In general, good results are obtained with the incandescent

lamp and the existing projection lenses. However, it should be

explained that of the two common sizes of objectives used in

theatres, i^ in. and 23^ in., (4.5 and 6.4 cm.) the larger are

capable of about twice as much screen illumination as the smaller

when the incandescent outfit is used. With the customary arc

outfits, full advantage of the working opening of the 2j^ in.

(6.4 cm.) objective is not taken. This does not mean that some

part of the opening is unused, but that any one point on the screen

is served by a limited part of the lens opening. With the in-

candescent arrangements the larger objectives—costing only a

few dollars more than the others—are very desirable.

In the longer focal lengths which are used in exceptionally

large theatres it would be sound engineering to go to even larger

diameter lenses. We have had such lenses made but the present

arrangement of the machine head has to be modified before they

can be used to advantage. However, the increased cost of such

a mxodified outfit, including extra large lenses, would be trivial

compared with other items involved in theatre work of that

class, and this may prove an interesting future development.

THE SHUTTER.

The shutter of projection machines would be good subject

matter for a separate paper. We will open our very brief

account with the note that the results discussed in this paper can

be obtained with the existing shutter arrangements. Our purpose

is to indicate how the very best results can be obtained and how
one can make advantageous changes in the future.

The separate pictures on the film succeed each other at the

rate of 16 per second, and the primary function of the shutter is

to intervene during those intervals in which the pictures are

jerked along. But since 16 flashes a second gives intolerable

flicker, the shutter has the secondary function of intervening
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either once or twice during each interval in which the film is

stationary; so we have the 2- and 3-wing shutters, making re-

spectively 32 and 48 flashes per second. Flicker depends not

only on the frequency of the flashes but also on the brightness

of the picture viewed; 48 flashes per second is almost beyond

reproach while under certain screen conditions 32 per second is

dangerously low.

The choice of shutter is based on the following considerations

:

(i) With light sources which do not pulsate in intensity {e. g.

the tungsten lamp and the d-c. arc) either shutter may be used;

flicker is more apt to occur with the 2-wing but the efficiency of

light transmission is rather better than with the 3-wing. Standard

practice is to use the 3-wing, hov^ever.

(2) With pulsating light sources (e. g. the a-c. arc) there is

a possibility of a bad, stroboscopic flicker of very low frequency

if certain relations exist between the shutter characteristic and

the a-c. frequency. The customary 60-cycle service and the 3-

wing shutter constitute the commonest example. Hence, standard

practice with a-c. arcs is to use the 2-wing; since the 32 flicker

of the shutter is less objectionable than the 12 flicker of the

stroboscopic effect.

Whichever shutter is used there is always a substantial reduc-

tion in illumination produced. One vane of the shutter must be

gauged so as to correspond with the interval in which the film is

moving. Obviously the root cause of loss of light on this account

is the mechanical limitation of the intermittent device.

The other vane or vanes of the shutter are usually made rather

smaller than the first, apparently on the principle of accepting a

little flicker for the sake of obtaining a little more light. The

practice seems questionable.

Apart from all this, however, there is an important relation

between the diameter of the shutter and the cross-section of the

light beam in which it operates. Since the shutter axis is fixed

on existing machines it is hardly practicable to take account of

this.

In future developments, attention to shutter geometry is likely

to improve projection all around, especially, where large aperture

objectives are used. In closing this subject we would point out
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that the incandescent system gives a "projection beam" which

diverges from the objective outwards. Hence, the best shutter

plane is one close to the objective.

The existing arc systems almost invariably give a beam which

converges between the objective and a plane several inches ahead,

after which it diverges again. This "stopping-action" of the

image of the condenser opening has already been referred to,

and it calls for a shutter plane further out from the machine.

The Advantages and Disadvantages of the Three Systems Compared.

Feature

Applicability to ex-

isting machines
(See Note a)

(Arbitrary Order.)

A B c
A small housing to be attached to The existing hous-

the front of the existing housing ing of one make
or an entirely new housing may of arc outfit can
be used be used

Projection of Ian- Both thecorningand plano-convex One condenser sys-
tem slides (See condenser lenses are carried on tem is used for
Note b) the one housing, the piano-con- both film and

vex serving for the slides slide projection

Power consump- 600 watts
tion. (See Note c)

Evenness of illumi-

nation

Lamp cost* (N.B.,
all have same ex-
pectation of life)

Excellent

.00

750 watts

Excellent

.75

1,200 watts

Good (See Note d)

.00

Clearance between sin. (12.8 cm.) 6^ in. (16.5cm.) 9X in. (24.2 cm.)
condenser and
film (See Note e)

Intensity of screen The intensities of illumination obtainable with any of
illumination the three systems are of the same order of magnitude

* These are typical present list prices.

In fairness to each of the systems, a few notes are added for

the benefit of those who are unfamiliar with movie theatre work.

(a) The life of movie machines is comparatively short so that to replace
a housing is not anticipating the scrapping of the old one by
more than a few years, on the average.

(b) The separate lantern for slides is not uncommon even in theatres
where arcs are used. A slide objective is needed whether a
combined film and slide machine is used or separate machines,
and there is something to be said in favor of independent
apparatus. The lamp required for separate slide projection may
be a common stereopticon lamp and it can run direct on the
supply voltage.
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(c) The screen illumination is not directly related to the watts, as there

are other factors entering in.

(d) The degree of unevenness of screen illumination implied is noticeable

when there is no film in the machine, but not otherwise.

(e) The significance of "film to condenser" clearance is this: Some
operators find it convenient to have a large clearance when
they are threading film, "framing-up" or doing other work on
the "machine head." This seems to depend greatly on the

individual operator.

CONTROL APPARATUS.
The requirements to be met by the control apparatus are these

:

(i) Provision is to be made for operating the lamp (vvhich is essentially

a low voltage type) from the customary lighting or power
circuits.

(2) Means for enabling the device to operate on different supply voltages

of the no- or 220-volt range.

(3) To secure relative uniformity of results in regard to illumination

and life of lamp, some indicator of current strength is a very
desirable feature, and with this naturally goes.

(4) A means of adjusting the current.

(5) In order to avoid occasional trouble from weak spots which are apt

to exist in the best apparatus, it is desirable that means be pro-

vided to ensure a somewhat less violent onset of the current
through the lamp than occurs with a mere single-throw switch
direct connected. (The resistance of the lamp filament when cold

is little over one-twentieth of the resistance under operating
conditions.)

For a~c. service there are several controllers on the market

which are designed to meet these conditions. All of them are in

the form of compact metal wall cabinets, but the provision for

the various requirements differs somewhat, as shown in the

following table

:

Methods by Which Three Typicai, Controi,i,ers Meet the
Requirements.

(i) Conversion of

current received
from supply lines

(2) Provision for

different line
voltages

(3) Current indi-

cator

(4) Means for cur-

rent adjustment

X Y z

Auto transformer Auto transformer Auto transformer

Transformer tap
served by switch

Ammeter

Adjustable mag-
netic shunt

Ammeter

Rheostat in series Adjustable mag-
with primary netic shunt

(5) Suitable starter Three-way switch Three-way switch
and resistance and resistance

in primary m primary

Adjustable react-

ance in pri-

mary circuit

Ammeter

Adjustable react-

ance in pri-

mary circuit

The one-way
switch is acces-
sibleonly when
the adjustable
reactance is

"all in"
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On d-c. service not corresponding to the lamp voltage it is

necessary to use a rotary machine of some kind, unless one prefers

to waste power in rheostats or has available a suitable battery

with series-parallel connections. Alternating current is so gener-

ally available in this country that but little attention has been

given to the direct-current alternative.

(Both a-c. and d-c. equipment are shown in Fig. 7.)

Where central station service is not available it is possible to

use any one of a number of small low voltage generating outfits.

ADVANTAGES OF THE INCANDESCENT LAMP OVER THE
ARC LAAiP.

We have already indicated that most of the present arc outfits

can be replaced by incandescent lamp outfits without loss of

illumination, in fact there is often a gain.

Leaving aside the illumination then, what advantages can the

incandescent lamp show?

In our opinion the following advantages can be claimed. (The

order is arbitrary.)

Where the a-c. arc is replaced, vastly more uniform screen

results are obtained, noise is eliminated and continuous fussing

with the light source is avoided.

Where the d-c. arc served by rectified or converted current is

replaced there is a considerable gain in uniformity of screen re-

sults, the frequent "feeding" is avoided and the auxiliary appa-

ratus is more simple and durable.

Whatever the style of arc replaced there are further advan-

tages in the markedly reduced running expenses and lower first

cost: freedom from cracked condenser trouble, fumes, and the

intensely hard dust which comes from electrode cores (and causes

film-scratching, excessive machine wear and unsanitary con-

ditions).

The color of the light is more nearly what is demanded to-day

;

the difficulties of the operator are greatly lessened, and the booth

is much cooler.

Since the starting of the lamp is well-nigh instantaneous there

is no warming-up process incidental to the "change-over" at the

end of each reel ; thus no overload capacity is required in any of

the electrical equipment.
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Unsteadiness and flicker are foreign to the incandescent system

since with this system they can only occur with improper shutter

provision or adjustment. Similarly, the frequency of alternating-

current supply is of no significance once the right controller for

that particular frequency has been installed. This is especially

important in the big 25-cycle territories. We would especially

emphasize the fact that the only adjustments of the light-source

and related parts are made when a new lamp is screwed into the

machine. True, an occasional glance at the ammeter and a touch

of the regulator handle are advisable, but this is very simple, and

may be done as opportunity occurs.

At first sight there is an apparent disadvantage in the fact that

the failure of the lamp may occur during a performance. But

with the duplicate lamp arrangements which are provided, a lamp

replacement causes no more interruption than the restriking of

an extinguished arc and far less than a replacement of carbons.

In fairness it must be said, however, that a number of the

advantages are dependent on the availability of a-c. supply.

While the case is still very strong where alternating current and

direct current are available, we must admit that where direct

current is the only service available, the question is yet to be

determined.

Outside of the real movie-theatre field there are a great many
situations where the supply wiring would not be equal to the

demands of the wasteful arc outfits, but would safely handle the

current needed by the incandescent system.

APPENDIX.
Screens and Films.

Screens used in practice vary in reflecting power through a

considerable range, but after all, reflecting power (the total

amount of light returned by the screen when subject to a known

degree of illumination) is not a very direct gauge of performance.

Of the total solid angle within which the redirected light may
emerge there is only about one-fifth which is usable i. e. suitable

for placing spectators in, irrespective of the arrangement of the

auditorium.

In many theatres the useful angle is restricted vastly within

this value by the general seating arrangements or shape of build-

ing. The significant factor in regard to screens is evidently the
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brightness as viewed in various directions, standard illumination

being assumed. Fig. 8 gives some typical data from which it may-

be seen that a proper choice of screen is very important, and

that the illumination determines only relatively the brightness of

the picture. It is important to notice that a very slight accumu-

lation of dust can reduce the screen brightness very materially.

With a schedule of regular and frequent cleaning, theatre man-

agements can in many cases increase their picture brightness

by fully 50 per cent, of their average value.

Fig. 8.—Brightness of the three screens under the same illumination (after Gage).

A, magnesium oxide; B, alluminum bronze; C, mirror screen.

Another matter which has a secondary bearing on our subject

is the lack of standardization of film densities. Illumination

difficulties will be very largely reduced when film producers put

an end to the chaos which exists in this respect. We are glad

to notice that efforts are already being made.
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General Illumination of Theatres.

There are more considerations that come under this head than

at first sight appear.

The effect of extraneous illumination falling on the screen is

to decrease the contract between the high lights and low lights

of the picture. If for example, the intensity of the beam in a low

light of the picture is 1/50 footcandle and in high lights, say 2

footcandles, the contrast is i : 100. If upon the screen image is

now superimposed an intensity of i/io footcandle due to ex-

traneous light, the contrast becomes approximately i : 17.

At the same time it is much less trying to the eyes if the sur-

roundings of the screen in the field of vision are reasonably bright,

although it is very undesirable lo have the uneven brightness

which is so generally seen at present.

A further point relates to color. It seems highly probable

that the present tendency to resort to various means of producing

a yellowish tint in the screen picture is due to the disagreeable

color contrast between the general illumination and the projection

illumination. While the tungsten projection lamp is somewhat

better in this respect than the arc, it is likely that tinted films and

tinted screens—both light wasters—will continue to be used as

long as the general illumination is produced from yellow, dimmed

lamps.

We are now investigating means of illuminating the theatre

in accordance with these principles.

The Commercial Field.

Since April 191 5, when we became actively engaged in the

study of light projection with tungsten lamps, we have made and

are keeping up-to-date a complete investigation of the field which

can be served with an incandescent lamp of this character. This

investigation shows that in the United States at the present time

there are approximately 22,000 theatres besides colleges, hospitals,

laboratories, churches, lodge rooms, schools, museums, state in-

stitutions, and similar places w^hich collectively would use be-

tween 30,000 and 40,000 projection machines. The field is

further increased by the development of country home lighting

and other isolated plants which serve communities that do not

have central station service at the present time. Fifty per cent.
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of the theatres throughout the country operate on a simple alter-

nating-current basis; 30 per cent, operate through rectifiers or

a-c.—d-c. converters, and the remaining 20 per cent, operate

directly from direct-current circuits.

Field for Incandescent Lamps for Motion Picture Projection.

Seating capacity 250 251-500 501-800 800 or over Total

Number theatres in U. S. . . .9,159 7,214 2,533 2,219 21,155

Per cent, of total 43.3 34.2 11.9 10.4 100

Of the total number of theatres (21,155) approximately 80 per

cent, can use incandescent lamps as light-source for their pro-

jectors.

Theatre-Installations .

Our first installation of the tungsten lamp for motion picture

projection was made in the Virginia Theatre at Cleveland, on

June I, 191 5. This was purely an experimental installation. The

first public installation in a theatre was made on October 24,

1915, in the Home Theatre of Cleveland, which has a seating

capacity of 675 people. The projection apparatus in the theatre

has a throw of 58 ft. and gives a picture 13^^ ft. wide on a

white painted canvas screen. The general illumination in the

theatre is unusually high. In service for 25 months, the instal-

lation is still working satisfactorily to the manager, operator and

patrons.

A later installation was made in the Windermere Theatre in

East Cleveland, Ohio, June 25, 1916. The throw is 131 ft.

(40 m.) and the 'picture is i6j^ ft. (5.1 m.) in width on a radium

gold fiber screen. The seating capacity of the theatre is 1,000.

The arc equipment replaced operated at 65 amperes direct

current, and for one and one-half years the performances have

depended on incandescent lamps entirely. We should say, how-

ever, that the outfit differs somewhat from those illustrated in

this paper; it was arranged in accordance with our intention of

developing an outfit to take care of the longest throws and largest

sized pictures. This is still in the experimental stage.
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Fuel Conservation Possible ie All Projection Arcs in Movie Theatres

Were Replaced by Incandescent Lamps.

Average run of 45 hours per week or 2,340 hours per year.

Number of theatres in the United States, 22,000.

Total theatre-hours per year, 51,000,000. Watts

Average overall wattage with arc systems 3,000

Average overall wattage with incandescent systems 900*

Difference 2,100

Assuming three pounds of coal consumed per K.W. hour at the

theatres, this means a saving of :

—

51,000,000 X 2.1 X 3 lbs. of coal per year,

or 160,000 tons,

or 4,000 cars of 40 tons each.

DISCUSSION.

A. S. Cory (communicated) : Under the sub-caption Projec-

tion Lenses, the follow^ing statement appears

:

"This does not mean that some part of the lens opening is unused,

but that any point on the screen is served by a limited part of the lens

opening."

This must have been overlooked by the authors in revising

their paper, for, in vievsr of Mr. Orange's very able exposition of

the "Limiting Illumination" on the projection screen, in the

Transactions of the Society for November, 1916, I really cannot

believe that he means to assert what I have quoted above. It ap-

pears to me that the passage quoted should have been written

as follows

:

certain parts of the screen, i. e., the edges of the picture, are

served by only a limited portion of the lens opening,

I am also aware that all of the authors of the paper are of the

opinion that the use of projection objectives of large effective

aperture is a step in the right direction, but from the standpoint

of practical optics, and from considerations relating to the best

screen interpretation of the photographic values of the pictures

on the film, it can readily be shown that, in the case of projection

lenses of less than 6 in. e. f., increase in aperture, in addition to

being attended by falling off in definition, also affects the proper

* 900 watts is arbitrarily taken from the average wattage of the three lamps described

in this paper {600, 750 and 1200 watt types) together with an allowance for loss in control

apparatus.
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photographic contrasts of the screen picture detrimentally. As

this subject of increased lens aperture applies in the same manner

to projection with the carbon arc as to the tungsten-filament

lamp, I propose to treat this in due course in the journal with

which I am connected, and so will not expatiate at length upon

it at this time. I would like to state it as my opinion, however,

that for practical mechanical reasons—and we must always keep

the practical end in mind—also for optical considerations, the

nature of which has been suggested above, the tungsten—filament

projection lamps must be so designed that they are independent

of the use extra large aperture projection lenses, before they may
be considered eminently suitable for the highest standard of mo-

tion picture reproduction.

J. A. Orange: With regard to Mr. Cory's first point, viz:

as to the amount of objective opening serving various parts of

the screen, the following remarks apply. The statement quoted

is quite correct as it stands and the qualification suggested by

Mr. Cory (''certain parts of the screen") is therefore unaccept-

able.

In explanation of our statement we can offer a simple geomet-

rical argument and a practical test of the easiest and most direct

kind.

A 23^ in. (6.3 cm.) objective when used in arc projection of

the orthodox kind is almost always followed by an image of the

condenser opening some i to 2 in. (2.5 to 5.1 cm.) in diameter and

situated some few inches from the front of the objective.^ Since

all of the light used passes through this small circular image or

"window" and since in air, light travels in straight lines, it follows

that any point on the screen will be served by an area of objective

opening which is only very slightly larger than the "window."

Anyone doubting this can lay out a drawing comprising, say, an

objective front 2^ in. (5.3 cm.) in diameter, a "window" ij4 in.

(3.8 cm.) in diameter situated 4 in. (lo.i cm.) from the objec-

tive, and a screen 70 ft. (21.4 m.) distant. From any point

whatever on the screen it is at once possible to draw lines which

will show how much of the objective opening is used by that

point.

It is true that in a few cases the image of the condenser open-
» Trans,, I. K. S., Vol. 11, No. 8 (1916), pp. 780-782.

4
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ing (here called the ''window") may be as large as the objective

opening or even larger. In such cases it is correct to say that

the central parts of screen are served by all of the objective

opening, while the edge of the screen is served (usually) by a

restricted portion of the opening.

Finally, we believe the following direct test is unanswerable.

With the fire door propped open and no film in the machine hold

a piece of thin metal pierced with a needle-hole against the film

gate. A piece of paper held against the front of the objective

will show conclusively which part of the objective opening serves

that point on the screen at which the needle hole is projected.

With regard to Mr. Cory's second point, viz. : the use of

large aperture objectives, it is not necessary to add much to our

answer to Mr. Richardson's discussion.

The focal lengths of the objectives used in theatres are pretty

well confined to the 4 in. to 8 in. (lo.i to 20.2 cm.) range. From

5j4 in. (14 cm.) downwards there have been commercially avail-

able for years lenses of speed about F/2.2

—

i. e., a diameter of

2^/2 in. (6.3 cm.) at 5J^ in. (14 cm.) focal length and proportion-

ately in other cases.

In this range of focal lengths [5^ in. (14 cm.) downwards]

we advocate the use of these high speed yet thoroughly commer-

cial lenses, rather than the hopelessly low speed lenses which are

all too commonly used.

The range of focal lengths from 5^^ in. (14 cm.) upwards is

at present served commercially by lenses 2^ in. (6.3 cm.) diam-

eter and by certain smaller diameters. The wisdom of using the

former—the 2^ in. (6.3 cm.) diameter—where these focal

lengths are called for can well be insisted upon, and we point out

as an interesting future development the possibility of making the

longer focal-length lenses in as high "speeds" as the present 5)^

in. (14 cm.) focus lenses, that is by making the lens diameter

proportional to the focal length throughout the series.

F. H. Richardson: With regard to the 4 in. (10 cm.)

diameter objective, I believe its use would entail serious loss of

definition. In the second place, what kind of a revolving shutter

would its use call for on the present machines ? Even now, to get

good conditions with the arc, under certain circumstances, we
must place the revolving shutter 15 in. (38 cm.) from the lens
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in order to get the best results. With the 4 in. (10 cm.) lens, I

do not believe you could get any kind of a result at all, with

present machines and the present type of revolving shutter.

I don't want to discuss this matter here, except to call attention

to the fact that, while in theory you might add illumination with

increased speed of objective, practically I don't think you can

do it. I will say that I was much pleased with the demonstrations

here to-night, but I believe that Mr. Orange's remarks in regard

to the theatre conditions and his application to the new form of

illuminant simply proves out my own contention in this matter,

and that is that this illuminant at the present time may equal, we
will say just for the sake of giving figures, a 40 or 50 ampere

alternating current-arc, 60-cycle; it will improve the conditions,

with any 25-cycle current ; it may equal a 20 or 25 ampere direct-

current arc. That is a fair basis to work on, because if an arc

of given amperage will produce a given result under a given

theatre condition, then by placing this lamp under the same condi-

tion we are making a workable comparison. I believe that we
should put the thing on a basis that is right and fair; and I

hold that that is a fair basis for comparison of the high efficiency

incandescent lamp and the arc can only rest upon amperage of

the arc and actual theatre conditions. To my mind there is no

question but what this new lamp has a legitimate field; there is

no question but what it will improve the results in many theatres,

but I do question the proposition that it can fill nearly the entire

field. I think that is impossible at this time. The increasing of

the illumination by means of increased lens speed, I think is an

impractical proposition, unless you build some new form of pro-

jecting machine revolving shutter.

J. A. Orange : Mr. Richardson takes exception to the mention

that I made of the 4 in. (lo.i cm.) diameter objective. You will

notice in the printed copies of the paper, that no claim is made
for the ready use of an objective of that kind, but before an

engineering society of this kind and standing, I think that it is

entirely proper to refer to the developments which are in sight,

the things which can be taken up, and not just the things which

are being handled at the present time.

If I led anyone to suppose that a 4 in. (lo.i cm.) diameter ob-

jective was a thing that anyone of us would now be prepared to
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offer to the large theatres, I would wish to correct myself im-

mediately. My point is this: That the cases where, without

making difficult changes in the apparatus, one can replace the

arc—those cases constitute about 80 per cent, of the theatres

now existing. I don't think we need go into that question. Mr.

Richardson practically acknowledged it in his discussion.

It is interesting, I think, to an engineering society, to know

what the difficulties are in the way of serving the whole field,

what would have to be done to use the very convenient in-

candescent lamp in the extreme cases. I think I pointed out

before, that those extreme cases are the cases where expense is

really no object; that is, if a $50.00 increase in a lens, or if

a change in the machine head, (a reasonable mechanical change),

will give the results, then the management of such theatres will

be ready to consider it.

I have no actual experience with a 4 in. (lo.i cm.) diameter

objective. I have some experience with a 3 in. (7.6 cm.) and I

think that all those present who are interested in the optical

question, that is, in the strict sense, the question of projecting pic-

tures with good definition, will agree that the difficulty of getting

definition turns on the speed and not on the absolute diameter of

the lens. If I understand Mr. Richardson right, he means to

assert that while one can take a 5^ in. (14 cm.) focal length

objective of 2^ in. (6.3 cm.) diameter, and get good pictures,

you can't scale the thing up in focal length and diameter to handle

the longer throw. I leave that matter to the people who are

interested in geometrical optics. I don't think I need to dis-

cuss it.

The question of the difficulty of using shutters with large

diameter objective, is a very real one. That is mentioned in the

text of the paper, but I think it will be conceded that the present

shutter is a very simple, not to say crude, device, and that in the

only cases where anyone would think of going to the most ex-

treme development, which is a 4 in. (lo.i cm.) diameter lens,

the possibility of changing the shutter would be one that we
could get consideration for. The question of changing these

shutters is one that has been discussed for some years, and there

are various ways, without going to great elaboration, in which
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the shutter difficulty that Mr. Richardson speaks of can be

avoided.

He says that in some cases at present it is necessary to go a

great distance from the objective to place the shutter. It seems

to me there is a very involved matter here. The size of shutters

and the design of shutters is tied up very largely with the size

of the light-beam in which they operate, and it is true, that with

your existing machines, the beam coming from the machine has

its smallest section some distance from the objective. In fact,

that very smallness is the reason for the poorness of the optical

layout at present, but it is the fact that there is such a small

place in the beam which enables you to use a crude and simple

shutter.

All I will say is, that for the things that we are seriously con-

sidering at the present time, not the developments that we are

hoping for; that is, confining ourselves to the 2^/2 in. (6.3 cm.)

diameter objectives, there is no real difficulty in using the exist-

ing shutter mechanism and placing it as near as possible to the

objective; and I say that for these objectives, that all opticians

admit it is possible to devise shutters which will be relatively

simple mechanical contrivances.

In conclusion, the paper states specifically, that the claims

made are limited to some 80 per cent, of the theatres, that is,

as to what can be offered with existing lenses and appliances

which are being sold now by the hundreds, if not by the thous-

ands. The question of the other 20 per cent, is just an interesting

engineering proposition.

At another place in the paper the question of operating on

direct current circuits is also taken up, and I think it is there

stated specifically that where direct current only is available, the

question of incandescent lamps has not yet been thrashed out.

That is largely a question of the auxiliary apparatus. It is neces-

sary to use something more expensive in that case than in the

case of alternating current circuits, and the cases where direct

current is the only supply are relatively so few that we have not

as yet thought it necessary to go into the matter.

F. H. Richardson : If I conveyed the impression that the in-

candescent lamp had not made out a case, I failed to make myself

misunderstood. I meant nothing of that sort. I believe I said I
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was agreeably surprised by the result shown here to-night. What
I tried to say was, that the incandescent lamp unquestionably has

its field, but I also intended to convey the idea that there had

been some claims made, not in this paper, for the incandescent

lamp which I believed could not be substantiated. That was all.

I would like, if you don't mind, to ask you a question just simply

for information. I have been somewhat puzzled with this : The

globe of the incandescent lamp, it seems to me, may be regarded

as a lens, regardless of its thinness. Is there really any such

action ?

J. A. Orange : It can be regarded as a lens in the same sense

that a window-pane can be regarded as a lens. The thickness of

the glass is the same, or within a few mils of being the same all

around. The lens action is entirely negligible.

F. H. Richardson : I haven't studied that out, but it struck

me as an interesting point, and I wanted to ask you.

One other question : I wanted to ask you with regard to the

use of a mirror. You admitted it would cause reheating of the

filament ; can this reheating be controlled when a mirror is used ?

In other words, what I am getting at is, there seems to be quite a

failure of lamps, due to fluctuation of voltage for one thing.

This fluctuation is now being controlled by new devices, so that

danger to this filament is being decreased. But there still is a

reheating of the filament. That is acknowledged by all who

have studied the question. Can the temperature of the filament

be controlled where a mirror is used ? I have heard the statement

that there are difficulties there. Is that true?

J. A. Orange: I have not heard of any difficulties of that

kind. That is, the projection of a filament image by the mirror

back on to the filament, or on to the interspaces, is so uniform that

any question of "spotting"—I think that is what Mr. Richardson

means—any question of local over-heating at some part of the

filament giving trouble, is avoided. I don't think anything of

that kind has been found.

With regard to the alignment and the heat of the arc as com-

pared with that of the incandescent lamp; the different mechan-

isms used differ somewhat in the details, but the filament must

be properly aligned with the mirror, and the two together properly
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aligned with the condenser. One particular case is selected and

illustrated in the paper with one particular make of machine, one

type of mechanism, not with the idea that that is in any way
better than the others of course.

The focusing of the filament with the mirror and with the

condenser is something which is taken care of by the preparation

of the lamps beforehand for the emergency when they have to

be made use of ; that is, when one inevitably burns out and a new
lamp has to be substituted. The spare lamp with its holder is

then in a condition to go into place by simple mechanical sub-

stitution. Adjustment is, of course, necessary (and careful ad-

justment) in the preliminary preparation.

As to the question of the heat, if it relates to the heating of the

film, I don't think any measurements have been made. The dif-

ference in the degree of heating of the film for a given amount of

light utilized, as between the common arcs and the lamp, is

probably slight. It might even be worse for the incandescent

lamp than for the arc. I am not making any claims that the

incandescent lamp is cooler (for the film) than the arc is, but

whatever illuminant is used for moving pictures, the heat will

always be such that the film will fire if any opportunity is allowed

for it to stand still. Small, portable machines, of course, don't

come under this discussion.
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CODE OF LIGHTING

Revised Rules of the Code of Lighting Factories, Mills

and Other Work Places.

RULES.*

Rule I. General Requirement.—Working or traversed spaces

in buildings or grounds shall be supplied during the time of use

with artificial light in accordance with the following rules when

natural light is less than the intensities specified in Rule 2.

Rule 2. Intensity Required.—The desirable illumination to be

provided and the minimum to be maintained are given in the

following table

:

Foot-candlesi at the work

Ordinary
practice Minimum

(a) Roadways and yard thoroughfares . .

.

0.05- 0.25 0.02

(b) Storage spaces 0.50- i.oo 0.25

(c) Stairways, passageways, aisles 0.75-2.00 0.25

(d) Rough manufacturing such as rough

machining, rough assembling, rough

bench work 2.00- 4.00 1.25

(e) Rough manufacturing involving closer

discrimination of detail 3.GO- 6.00 2.00

(f) Fine manufacturing such as fine lathe

work, pattern and tool making, light

colored textiles 4-00- 8.00 3.00

(g) Special cases of fine work, such as

watch making, engraving, drafting,

dark colored textiles 10.00-15.00 5.00

(h) Office work such as accounting, type-

writing, etc 4.00- 8.00 3.00

Note.—Measurements of illumination are to be made at the

work with a properly standardized portable photometer.

*These revised rules were adopted on June 26, 19 17. The original Code of

Lighting Factories, Mills and Other Places was first published in the Transactions,

Vol. X, No. 8, p. 605, November 20, 1915-

^The foot-candle, the common unit of illumination, is the lighting effect produced

upon an object by a standard candle at a distance of i foot; at 2 feet, the effect

would be not ^ foot-candle, but ^ foot-candle, etc. A lamp which would give off

16 candlepower uniformly in all directions would produce a uniform illumination of

I foot-candle at a distance of 4 feet in any direction.

I
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Rule 3. Shading of Lamps.—Lamps shall be suitably shaded

to minimize glare.

Note.—Glare, either from lamps or from unduly bright re-

flecting surfaces, produces eye-strain and increases accident

hazard.

Rule 4. Distribution of Light on Work—Lamps shall be so

installed in regard to height, spacing, reflectors or other ac-

cessories as to secure a good distribution of light on the work,

avoiding objectionable shadows and sharp contrasts of intensity.

Rule 5. Emergency Lighting.—Emergency lamps shall be

provided in all work space aisles, stairways, passageways, and

exits to provide for reliable operation when, through accident or

other cause, the regular lighting is extinguished. Such lamps

shall be in operation concurrently with the regular lighting and

independent thereof.

Rule 6. Switching and Controlling Apparatus.—Switching or

controlling apparatus shall be so placed that at least pilot or

night lights may be turned on at the main points of entrance.
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REPORT OF THE 1916-17 COMMITTEE ON AUTOMO-
BILE HEADLAMPS.*

Synopsis: I. Introduction—Instructions to the Committee and plan

of report. General outline of the headlighting problem. II. The Require-

ments OE Vision—Road illumination : Intensity, distribution, direction.

Visual sensitometric data : Threshold, discrimination, glare. Glare : Cen-

tral spot, oblique, momentary and veiling glare. Adaptation, ideal light-

ing and limits of tolerance. III. The Opticai, Principles oe Headeight-

ing—Optical elements of lamp and beam. Specification and calculation

of beam illumination. The modified beam. Brightness and glare. Out-

of-beam illumination. IV. Practical Headeighting—Road conditions:

Curving and uneven roads, crossings, approaching vehicles and pedes-

trians, sign boards, road margins, foliage, street lights, dust, fog, rain

and snow. Dimming and tilting headlamps. Special mirrors and caps.

Special front glasses. V. Safety Limitations—Discretion of driver. The
headlight beam. Oblique reflected light. Minimum illumination, minimum
spread, colored lights.

I. INTRODUCTION.

At the organization of this Committee, the chairman was in-

structed by the President of the Society by the direction of the

Executive Council, to elucidate and summarize such scientific and

technical data on the subject as would be likely to be of service

to other committees in drawing specifications or in drafting legis-

lation. The nature of the matter available and the uses to which

it was to be put were such that the Committee found it advisable

to prepare data for two different objectives: (i) the designing

of headlighting systems and (2) the framing of legislation to

* a report presented to the Council of the Illuminating Engineering Society by the

1916-1917 Committee on Automobile Headlamps.
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regulate headlighting. This Committee has left to other com-

mittees the reduction of the principles of headlighting to details

of practice or to the form of legislative enactments.

Since headlighting requirements must be based on the proper-

ties of the human retina in reacting to light, this report gives in

Section II on The Requirements of Vision a summary of what is

known of the essential, desirable and tolerable in the intensity,

direction and color of the illumination provided by headlamps.

The technical optics of beam lighting to produce the light required

for vision within certain limits of tolerance is summarized in

Section III on The Optical Principles of Headlighting. The Prin-

ciples of Practical Headlighting are summarized in Section IV
in which various classes of controlling devices are discussed in

relation to their optical properties. Legislation, however, must

be based not only upon ideal lighting, but upon the limits of

tolerance required by pubHc safety. These limits are outlined

and discussed in Section V on Safety Limitations.

The subject of such proper lighting and lighting legislation has

received a great deal of attention in recent years. The subject

of automobile headlighting is dealt with in considerable detail

by W. F. Little,^ E. J. Edwards,^ J. R. Cravath,^ H. P. Gage*

and S. C. Rogers^ in recent numbers of the Transactions of the

Illuminating Engineering Society. There is considerable uncer-

tainty and diversity of opinion in the matter of permissible limits

of tolerance and the nature of the best compromise of interest

between the driver of the automobile and the person approached,

but there is little diversity of opinion in the matter of safety

and comfort for the driver. This report represents substantial

agreement among the members of the Committee on all of the

reported subjects dealt with. All the Committee feel, however,

that the headlighting problem is by no means completely solved

and that a perfect solution involving no compromises of interest

and no discomfort through the use of headlights may never be

possible. A statement is even made by competent observers that

present-day driving in regions where the most stringent legisla-

tion is in force is little, if any, safer or pleasanter than at times

and places where no corrective devices whatever are used.

The proper road lighting for driving an automobile may be

described in terms of the intensity, direction and distribution of
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the illumination provided, as objective factors and upon the con-

dition of the observer's eye as affected by brightness and contrast

in the field of view and in fields just previously viewed. The
safety of the drivers of passing vehicles and of pedestrians de-

pends upon the same objective factors, but opposed in nearly

every respect. The headlighting problem is therefore essentially

that of securing that compromise of interests most advantageous

to both driver and passer. The light must be at least adequate

for safe driving without undue interference with the vision of

the passing driver. Adequacy for safe driving is determined by

the discriminating ability (sensibility to contrast) of the driver.

Safety for others is determined by the amount of blinding effect

produced. The intermediate ground of adequate lighting with-

out interference with vision requires rather close adherence to

certain specifications, but these specifications may be met without

difficulty under normal road conditions.

A great deal of confusion has arisen because the requirements

of safety have not been carefully distinguished from those of

mere comfort or personal preference. Both must, of course, be

considered, but each in its place. Considerations of pleasure or

comfort, for example, have no place in framing safety legislation.

On the other hand, the design of practical headlamps must not

stop short with mere safety, but it is expected to provide both

comfort and pleasure as well. Further confusion has arisen from

the fact that personal preference depends quite largely upon the

conditions and appliances to which one has been accustomed.

II. THE REQUIREMENTS OF VISION.

Road Illumination.—Safety and comfort in driving require

that the intensity, distribution and direction of the road illumi-

nation lie within certain limits. These factors determine the

brightness and contrast within the field of view. These, in turn,

determine the sensibility of the retina; the brightness sensation,

the discriminating power for slight differences in brightness and

its glare sensibility or the blinding effect of a given illumination.

Since the illumination affects both the visibility of object and the

sensibility of the retina, it must be very carefully regulated to

secure the best effects and freedom from glare. Partial lighting

by street lights complicates matters and the speed of the driver

involves the rate of adaptation of the retina from one intensity

to another.
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The inteftsity of the road illumination required is determined

by the discriminating power of the retina. As is well known, the

power of the eye to perceive details is very nearly independent

of the field brightness at ordinary daylight brightnesses

(Fechner's law). However, at low illuminations, the power of

the eye to discriminate or perceive details differing only slightly

in brightness becomes less and less® until near the threshold of

vision only rough outlines can be perceived. In the table below

and in Fig. i are given precise data on the variation of difference

sensibility or discriminating power as a function of mean bright-

ness of field viewed, from the threshold (about iO"~® ml.)

up to the brightness of full sunlight on a white field. At

a brightness of o.oi ml., the discrimination factor is,

roughly, one-fifth of its maximum value and this brightness and

discrimination (0.22 against i.oo at the maximum) we consider

most desirable for specification of road illumination by automo-

bile headlights. It is barely sufficient for safe driving and little,

if any, brighter than necessary. The discrimination is sufficient

for good seeing in automobile driving where fine detail is not

required to be seen. On the other hand, a much lower brightness

would mean a serious falling off in power to see detail since the

discrimination curve is falling steeply at this brightness.

TABLE I.—VisUAi, Sensitometric Data.«
Difference Discrimination

Field brightness fraction factor Threshold limit Glare limit

0.00000

I

ml. (i.oo) 0.017 0.00000093 ^^• 20.1 ml.
0.0000

I

(0.66) 0.026 0.0000042 40.7
O.OOOI 0.395 0.043 0.000019 89.0
O.OOI 0.204 0.078 0.000087 186.0

O.OI 0.078 0.220 0.00039 400.0
O.I 0.0370 0.465 0.00174 810.0

I.O 0.0208 0.830 0.0081 1.68 1.

10. .0.0174 0.990 0.036 3-47
1 00.0 0.0172 1.000 0.28 7-25

1000. 0.0240 0.719 2.15 14-45
10000.0 (0.048) (0.360) (232.0) 30.90

In order that the road brightness may be o.oi ml. if the road is illumi-
nated at an angle of 1:30 and the mean reflecting power 20 per cent., the
illumination provided must be of the order of i foot-candle or at 100 ft.

(30.5 m.) 5,000 beam candlepower in each beam.

The sensibility of the eye varies enormously with the mean
brightness of the field viewed and, to some extent, with the harsh-

ness of contrast within that field. The brightnesses met with

range from io~^ ml., which is barely visible to the accommodated
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eye, up to 10,000 ml., the brightness of white paper in full sun-

light, the brightest being 10^^ times as bright as the faintest. In

this range the sensibility of the eye varies by a factor of about

10^, the sensibility automatically accommodating itself to the

brightness viewed. In Table i and Fig. i are given care-

fully determined data on the three chief visual sensibilities;

threshold, discrimination and glare, throughout the whole range

of brightness within which the eye is operative. These data are

for an average normal eye. Different normal eyes will not differ

greatly in sensibility under the same conditions, probably not

over 20 per cent.

log' PItLD

Fig. I.—Threshold, discriminating po\-er and glare sensibility.

In the first column of the above table are given the mean field

brightnesses to which the eye is sensitized. In the second column,

headed difference fraction, are given the fractions of the whole

by which the brightnesses of two adjacent fields must differ in

order that the difference may be just perceptible. The discrimi-

nation factor in the third column is the reciprocal of the differ-

ence fraction (reduced to maximum equal to unity) and is a

quantity proportional to the power of the eye to distinguish

details differing slightly in brightness. The threshold Hmit in

the fourth column is the lowest brightness just perceptible to an

eye adapted to the corresponding brightness in the first column.

The glare limit in the last column is the brightness just uncom-

fortably bright to an eye fully adapted to the brightness of the

first column. The brightness considered most suitable for road
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lighting (o.oi ml.) lies midway between the brightness (o.ooij

which is a sort of rough average for all brightnesses out of doors

at night and the average brightness (o.i) for interiors at night.

For a mean brightness of field of o.oi, the least perceptible differ-

ence (from the table) is 7.8 per cent. The discrimination factor

is 12.8, about one-fifth of the maximum discrimination in full

daylight. The lowest perceptible brightness is 0.00039 ^1- ^^'i

the brightest light just comfortably tolerable is 400 ml.

In Fig. I are shown graphs of these data plotted as logarithmic

ratios. Log glare sensibility is a linear function of log field

brightness, such that

Log G = 3.23 -f 0.32 log B
G = 1,700 B°-52.

Log threshold sensibility is also a linear function of log field

brightness except at the highest intensities.

Log T = 0.66 log B — 2.10

T == 125 B°-^^.

The discrimination factor varies irregularly, much as it does

in the case of photographic surface. It is approximately linear

in the region from io~* ml. up to i ml. and approximately con-

stant from I ml. to 1,000 ml. or i 1.

A glaring light, oblique glare, at one side of the axis of vision

such as might be caused by an approaching headlight, though not

directly viewed, depresses sensibility. Data are not yet available

for brightnesses corresponding to headlights (50-200 1.)

but data obtained with a glare spot of 5 1., subtending a

solid angle of about o.oooi steradian gave data*' as follows

:

Angle from axis (degrees) o 10 20 30 40 No light

Relative threshold sensibility. o.ii 0.17 0.26 0.42 0.65 i.oo

For example, for the spot glare of this brightness and size at

10° from the line of sight, the eye is only 0.17 as sensitive as

with the glare spot absent. The curves of Fig. i show that in

this case any details must be fourteen times as bright to be just

visible.

In headlighting, the contrast sensibility is about as important

as the threshold sensibility, the depression of contrast sensibility

due to angular glare, that is, the loss of power to discriminate
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among details differing but slightly in brightness has not yet been

determined, but a sub-committee is working upon it. The effect

is known to be similar to the effect on threshold sensibility and

of approximately the same order of magnitude.

Discrimination and Distance.—It is a commonly observed phe-

nomenon that the power to discriminate details in an object like a

sign board with dark surroundings increases gradually as it is

approached. This phenomenon depends primarily on the varia-

tion of threshold sensibility and contrast sensibility with angular

size and brightness of the light spot viewed. A laboratory inves-

tigation on the effect of size and brightness of spot on threshold

sensibility has been made by Mr. Blanchard and the chairman.^

This data is given in the table below for the four brightnesses

of test spot, i.o ml., 17 ml., 170 ml. and 600 ml., for six different

solid angles (area divided by square of distance) ranging from

the full hemisphere to o.oooi (i cm. square at i m.). With a

fairly bright spot (17 ml.), threshold sensibility is independent

of angular size. At higher brightnesses the sensibility increases

slightly as the angular size is diminished. At low brightnesses,

1.0 ml. or less, corresponding to the brightnesses of well illumi-

nated roadways at night, the sensibihty is considerably less when
the test spot covers but a small solid angle.

Effect of Size and Brightness of Spot on Threshold Sensibility.

Field brightness
Solid angle of
bright spots 1.0 ml. 17 nil. 170 ml. 600 ml.

Full 0,0064 0.074 0.29 1.2

1.0 0.0050 0.074 0.27 1.4

O.l 0.0065 0.074 0.26 1.5

O.OI 0.0090 0.074 0.22 1.5

O.OOI 0.0125 0.074 0.13 0.84

O.OOOI O.O161 0.07 J. 0.08 0.15

The legibility of characters on a sign board depends rather on

contrast sensibility than on threshold sensibility. Data are given

below on contrast sensibility recently obtained by Mr. Prentice

Reeves^*^ (to be published shortly). His data covers six differ-

ent angular sizes here given inside of square 35 cm. distant; four

different times of adaptation; instantaneous, 2 seconds, 10 and

60 seconds, five contrasts ; o, 0.39, 0.67, 0.97 and several different

brightnesses of background. We are chiefly concerned here
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with contrast between brightnesses in the ratio of about 0.67 to

I, and initial (sensitizing) brightnesses of o.i ml. and less.

Effect of Size; of Bright Spot on Contrast Sensibility

( Mii<i.ii.amberts )

.

3 cm. sq. 2.5 cm. sq. 1.5 cm. sq. 0.7 cm. sq. 0.3 cm. sq. 35

2 cm. sq. at
cm. distance

0.0038 0.0080 0.013 0.020 0-033 0.049

0,00098 0.0023 0.0050 0.002 0,008 0.035

0.00057 0.0012 0.0032 0.0078 0.013 0.026

0.00030 0.00057 0.0020 0.0054 O.OII 0.020

The values given (in millilamberts) are the brightnesses of

the brighter part of the field against which the contrast is just

visible after the time given at the left. The sensibility is ten to

sixty times as great for the 3 cm. square as for the 2 mm. square

at 35 cm. distance. The largest square corresponds roughly to

10 ft. at 100, the smaller 6 ft. square 1,000 ft. distant.

Intensity of Glare Spots.—A glare spot at a fixed angle from

the line of sight (30° say) may vary in brightness at constant

angular area or in area with brightness constant. If the depres-

sion in visual sensibility caused by glare is measured in terms

of the increase of illumination required to see with equal acuity,

then log relative glare intensity is proportional to log relative

illumination required, or^

Log I/Io :== n log G/Go.

When the glare spots are street lighting units, the increased

illumination required for equal seeing acuity has been found pro-

portional to the square root of the brightness and solid angle of

the glare spot, hence, to the beam candlepower. In grazing the

beam from a headlight, intrinsic brightness remains constant, the

solid angle (apparent size) first increases, then decreases, while

the obliquity of the glare spot continually increases. The out-

of-beam brightness continually increases. The glare is therefore

most serious at an intermediate distance, such that the angle with

the axis of vision is still small while the angular size is becom-

ing appreciably large. This is true, roughly, in the range from

200 ft. (61 m.) down to 25 ft. (7.6 m.) in front of the approach-

ing headlight.
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Rate of Adaptation.—Both headlights and street lights passing

quickly by cause a net depression of sensibility, the amount of

which depends upon their brightness and rate of passing. No
data are yet available on such extreme changes as those from

headlight brightness to darkness, but laboratory tests have been

made covering abrupt changes from a brightness of 25 ml.

(roughly, that of white paper illuminated by 20 foot-candles) to

complete darkness and vice versaJ

Rate of Increase and Decrease of Threshold Sensibility.

Bq = 0, B = 25 mL Bo = 25 ml., B =
Time Sensibility decrease Sensibility increase

I second 2.1 times 1.6 times

2 seconds 4.2 times 2.6 times

5 seconds 16.2 times 7.6 times

10 seconds 58 times 14.4 times

10 minutes 120 times 20.9 times

Since the loss of sensibility in a given interval is greater than

the recovery, the net result of a succession of exposures to alter-

nate light and darkness is, therefore, a considerable depression in

the sensibility.

Temporary Glare.—The blinding effect of a quick flash is very

much less than that caused by steady exposure to the same

brightness. For an eye adapted to the darkness of night, the

limit is roughly 0.2 1. when viewed directly and steadily,

0.3 1. for an object in the field but viewed obliquely (20°

say), and approximately 10 or 20 1. for objects flashing by

the axis of vision.^^

Brightness Distribution for Best Seeing.—Safety in driving

requires an illumination of the road from immediately in front

of the vehicle to several hundred feet ahead of it, practically the

full width of the roadway and with maximum brightness at a

distance of 75 (23 m.) to 100 (30.5 m.) ft. (3 seconds) ahead.

The illumination of foliage and other surrounding objects adds

to the safety, comfort and pleasure of the driver, but it is dan-

gerous and uncomfortable to the passer if it rises to the level of

his eyes in the line of his approach. Illumination of the sur-

roundings not only makes them visible, but increases the ability

of the eye to see detail in the roadway itself by freeing the field

of view from excessively harsh contrasts.® The brightly illumi-
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nated roadway with unilluminated surroundings gives what is

merely a mild form of spot glare.

Veiling Glare.—Veiling glare is that cause of impaired vision

due to a light or dark veil obscuring the field of view and of a

pattern different from that of the object viewed. The veiling due

to a bright glare is greater the greater the brightness of the veil

relative to the field to be viewed.^ Such veiling is common in

automobile driving due to dirt or moisture on the windshield or

to fog, dust or snow between the driver and the illuminated

roadway.

The effect of veiling, whether darker or brighter than the

object viewed, is to suppress details by reducing contrasts in

headlighting since the illumination is very nearly a minimum and

therefore contrasts nearly a minimum at best. The effect of

veiling is very serious indeed. A partial remedy for dark veiling

is to increase the illumination of the object viewed. If light veil-

ing, there is no remedy.

Ideal Lighting and Limits of Tolerance.—A description of

what may be termed ideal lighting, so far as vision and safety are

concerned, will serve as a summary of the preceding discussion

of the requirements of vision. This is to be considered ideal

only under ideal conditions, namely, with the automobile on a

smooth road of uniform grade.

The brightness of the roadway should be a maximum (at least

o.oi ml.) over an oblong area centering, as seen by the driver,

about 100 ft. (30.5 m.) ahead and nearly the width of the road-

way from 50 ft. (15.3 m.) to 100 ft. (30.5 m.) ahead of the

vehicle. From this area of maximum brightness, the brightness

of the roadway should shade off gradually, laterally and in the

extreme distance.

From the point of view of the person approached, ideal head-

lighting is that which produces no blinding glare in passing. This

condition requires that the illuminating beam does not at any

point shine in his eyes and at no point in passing the total light

entering his eyes from any given direction be no more than

equivalent to that from a source of, say 100 candlepower, for

any length of time greater than half a second.

On lighted streets, the illumination being partly or largely

transverse, larger and more contrasting shadows are present than
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when the illumination is from the headlamps alone and therefore

seeing conditions less suitable. Further, the net result of the

alternation of lighter and darker illuminated areas is the depres-

sion of the retinal sensibility as shown above in the discussion of

the adaptation effect. However, the effect of the street lights is

to raise the general level of illumination and driving as a whole

is probably as safe and comfortable as driving by the headlights

alone.

III. THE OPTICAL PRINCIPLES OF HEADLIGHTING.

Optical Elements of Lamp and Beam.—Regarded as optical

apparatus, ordinary headlamps consist essentially of three parts

:

(i) a concentrated source of light of moderate candlepower in

or near the focus of (2) a deep parabolic mirror of i^ to i^ in.

(3.18 to 4.45 cm.) focus and (3) a plate of formed glass through

which the light passes, usually after reflection. If the source of

light were a point and the mirror accurately paraboloidal, a beam

of parallel light might be thrown on the roadway by proper

focusing. Since, however, the source of light has dimensions up

to as much as ^ in. (12.7 cm.) and the mirror is of very short

focus and imperfectly formed, the beam throws no true image of

the filament on the roadway nor does it ordinarily form any clean

cut beam.

The distance of the image formed by the central portion of the

mirror may be calculated by the sin^ple optical formula

i/v — i/f — i/u

or reciprocal image distance {v) equals reciprocal focal length

(/) minus reciprocal distance of source from the mirror sur-

face (h). The relative transverse dimensions of the image of

the filament and the filament itself is equal to their relative dis-

tances from the surface of the mirror. For example, with the

mirror of the standard focal length i^ in. (3.18 cm.), the image

of a filament at 100 ft. (30.5 m.) is approximately 1,000 times

the corresponding dimension of the filament, 20 ft. (6.1 m.) in

width at 100 ft. (30.5 m.) distance corresponds to %. in. (6.3

mm.) in width at the focus of the mirror.

The magnification along the axis is, however, proportional to

the square of the respective distances from the mirror surface,

since, from the above equation, dv/v"^ := —du/u^. Hence, if v is
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100 ft. (30.5 m.) (approximately i,ooo times u = 1^4 in.) (3.18

cm.) dv is approximately 10" times du. If the lamp filament,

however, is accurately centered on the axis, the precision of

focusing along the axis is of little consequence since the aim is

to direct a cylindrical beam of light along the road 20 ft. wide

at 100 ft. (30.5 m.). If the lamp filament is cylindrical or flares

at the ends, the beam will have a decided waist at 100 ft. (30.5

m.) and flare out considerably at nearer and farther distances.

In the ideal case of a small source and a perfect mirror, the

relative brightness of illuminated area of image (B,) and source

{Bo) is proportional to the solid angle subtended by the mirror

and inversely proportional to the square of the magnification (w).

Bo ~m'

where T is a constant of proportionality representing both the

transmission and i minus the reflecting power of the mirror and

w is the solid angle in steradians subtended by the mirror seen

from its focal point. In the average headlight this solid angle is

of the order of 80 per cent, of the total sphere or approximately

10 steradians. The reflecting power of new nickel mirrors when
freed from dust at the mean angle of incidence is about 55 per

cent. If tarnished or dusty, the reflecting power is much less than

this, the specular reflecting power running as low as 10 per cent,

very frequently. Light scattered by dust or tarnish is, of course,

as much lost to the beam as though it were absorbed, but at least

half of it furnishes oblique illumination.

Specification and Calculation of Beam Illumination.—As stated

above, the magnification with focus at 100 ft. (30.5 m.) is roughly

1,000 and calling the T in the above equation 0.4, B,Bo is equal

to 4 X io~^. This ratio is a pure number applying, of course,

only when brightness of object and image are measured in the

same units; for example, in lumens per unit area per unit solid

angle or in lamberts. The brightness of a lamp filament is of the

order of 500 to 1,500 1.; if of 1,000 1., the bright-

ness of a perfect image formed by a 10 steradian mirror with a

reflecting power of 40 per cent, would, therefore, be 4 ml. on a

surface normal to the beam. When the source of light has con-
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siderable extent as in ordinary practice, the beam is formed of a

complex of imperfect images, the overlapping of which gives a

maximum brightness at most equal to that of a very small source

of the same intrinsic brightness accurately focused.

Another method of beam calculation is to consider total flux

and area. If the beam is fairly definitely limited at loo ft.

(30.5 m.), the total flux at that point is equal to that through

the front of the headlamp reflected from the mirror, which in

turn is equal to the total flux of the source times the fractional

solid angle subtended by the mirror times the factor representing

losses by transmission and reflection. For relative total flux the

relation holds

F.T 0)

This is perhaps the simplest method of calculation and the data

may be readily converted into flux density by dividing by the

area, as above, calling T 40 per cent, uij^ir equal to 80 per cent.

Taking the flux at the source as 8 candlepower or about 100

lumens, the beam flux at a distance is 30 lumens. This is readily

reduced to lumens per square foot of cross section (foot-candles)

if desired and this again reduced to lumens per square foot of

road surface by dividing by 30 since the angle of incidence of

headlight on the road at 100 ft. (30.5 m.) is roughly 2° or 1/30.

The Modified Beam.—In practice, headlighting is done with

optical adjustments always departing from the ideal. The most

serious departure is the size of lamp filament, necessitating a

large part of it being out of focus. Mirrors are usually very

near to the correct curvature, but are frequently displaced out of

focus and also frequently used in halves as units, focused one

before and one behind the true focus. Several corrective devices

in the form of caps or prisms modify the beam between the source

and the mirror. The most common corrective devices are tra-

versed by the light after reflection from the mirror and form the

front plate of the headlamp proper.

Prismatic devices may be used in any portion of the beam to

vary the distribution of light in the beam by deflecting portions

of it in the direction desired. Lens shaped correcting devices are

also frequently used either to scatter the light or to modify its
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distribution in the beam. These may be either spherical or cyHn-

drical lenses, but in operation fall in two distinct classes;^ those

of the short focus, bull's-eye type, form secondary images of

the lamp filament; from these images the light spreads laterally

through the same angle within which the light falls on the lenses

from the mirror. On the other hand,^ cylindrical or spherical

lenses of very low curvature merely modify the action of the

parabolic mirror and do not form real secondary images, scatter-

ing the light.

In general, only rough calculations can be made of intensities

of beam modified by correcting devices. The fractions of the

beam which each intercepts may be integrated at any part of the

beam in determining light distribution. In the case of prisms,

the effect is on direction only, while lenses change convergence.

Small lenses may produce all effects intermediate between the

modification of concentration produced by lenses proper and the

pure scatter produced by frosted or opal glass, according to their

focal lengths.

Brightness and Glare.—By a well-known principle of optics

the brightness of the front of a headlamp viewed from within

the beam is the same (neglecting losses by reflection and absorp-

tion, 30 to 80 per cent.) as that of the light source itself, usually

a lamp filament. This brightness of source in the case of a lamp

filament, is in the range of betw^een 500 and 1,500 1. This

is hundreds of times the limit of tolerance (0.4 1., see

table) for an eye adapted to the mean road brightness of o.oi

ml. and still more in excess for an eye adapted to the less illumi-

nated surroundings. To avoid glare by cutting down the beam

intensity by a factor of 1,000 would obviously render it of no

value whatever as a road illuminant, so that the only course to

pursue is so to direct the light that the passer never gets the

beam proper in his eyes except perhaps for very short flashes, so

short as not to produce blinding. Modifying the color of the

light is by no means a remedy for the full beam glare although it

may give slight relief in some cases of temporary glare.

Interference with vision, assuming fixed background condi-

tions, depends not upon the intrinsic brightness alone but upon

the product of intrinsic brightness and solid angle (area divided

by distance squared) subtended. Now brightness times area is
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flux and brightness times solid angle is flux density or illumina-

tion. Hence, from within any lighted space, the flux density in

any direction is a proper measure of the interference with vision

caused by any source of light in that direction. In the case of a

headlamp viewed obliquely, the bright area is still of the same

brightness as the source, but smaller in area. Beam candlepower

and interference with vision are smaller in proportion to the solid

angle subtended. The glare limit of interference with vision for

an eye adapted to o.oi foot-candle is about (see table) 400 ml.

over the area subtended by a 9 in. (22.9 cm.) headlight at 100 ft.

(30.5 m.) and considerably higher when the surroundings are

nearly or quite unlighted.

Out-of-beam Illumination.—Some illumination outside of the

main reflected beam is desirable to serve as signal lights for the

passer and to slightly illuminate surrounding objects, relieving

them of harsh contrasts for the driver. This light is chiefly sup-

plied by that coming from the source directly through the front

v/ithout being reflected from the mirror. If the front is a simple

parallel sided sheet of glass, the results are quite satisfactory. The
out-of-beam illumination at any distance from the headlamp is

simply that of a lamp of that actual candlepower at that distance

slightly decreased (20 to 50 per cent.) by reflection and scatter

from the glass surface.

The filament of a small lamp can be viewed with entire comfort

from a moderate distance. The resolving power of the eye is

about y2 minute of arc, that is to say, any fine detail however fine

can not appear to the eye to have less angular width than y^ min-

ute of arc or i in 7,000. A lamp filament 4 ml. in diameter at

30 ft. (9.1 m.) distance subtends roughly two seconds of arc;

hence will appear to the eye at that distance only i/i5th of its

actual brightness. Since blinding effect is proportional to in-

trinsic brightness, w^hile interference with vision depends on angu-

lar size as well as intrinsic brightness, neither blinding effect nor

interference with vision can be very great in the case of a small

filament lamp viewed from a distance of 30 to 100 ft. (9.1 to 30.5

m.).

When the front glass is not parallel sided, but is so formed as

to produce the effect of multiple lenses, either cylindrical or

spherical, then the out-of-beam lighting is very greatly increased

3
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over what it would be if it came from the source direct. Each

small lens forms an image of the light source as bright as itself

and, if these images are multiplied, they throw a considerable por-

tion of the light out of the beam proper instead of on the road

where it is required, thus giving the driver much less light than he

should have and throwing considerable light into the eyes of the

passer where it may produce bad glare. The angular spread out-

side each little lens is equal to the angle of approach of the light

to each lens on the inside.

When the front glass is frosted or ground in whole or in part,

it simply means that so much of the light is taken out of the beam

and scattered in all directions. Frosting is a very effective means

of spreading the light through a wide angle.^^ The decrease in

road illumination is very serious. The increased glare to passers

by is not so serious on account of the angular area of the ground

surface, but it represents almost a pure waste of light. The beam

may be directed in practically any manner desired by means of

small prismatic surfaces. Such prismatic surfaces never form

secondary light sources as do strong cylindrical and spherical

lens surfaces.

IV. PRACTICAL HEADLIGHTING.

Road Conditions.—While good headlighting would be by no

means difficult on a perfectly smooth, clear road with no cross-

ings, actual conditions are very difficult to meet satisfactorily.

The best compromise barely meets the requirements of safety

and requires a sacrifice of much of the pleasure of night driv-

ing.

To provide for actual road conditions, headlamps must pro-

vide adequate lighting without excessive glare on roads of all

degrees of curvature up to right angles, roads of all degrees of

varying slope both convex and concave, all sorts of road mar-

gins to be avoided when passing, from raised curbs to ditches,

rough cobbles, brush, etc., safe illumination must be provided at

crossings, the safety of approaching vehicles and pedestrians

must be safeguarded, sign hoards at various elevations must be

illuminated sufficiently to be made legible and in some regions it

is desirable even to provide illumination for boughs and other

overhanging obstructions. Street lights vary the illumination
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required and desirable while dust, fog, rain and snow pro-

foundly modify seeing conditions and the requirements of il-

lumination.

In regions where curves are common in roads, it is essential

that the beam provided have considerable width since a sharply

focused narrow beam is of little service. If the beam is con-

fined below the horizontal, such illumination is readily provided

without introducing bad glare conditions for passers. The
three-quarter beam is very objectionable on roads with fre-

quent curves. In the prairie regions of the country where near-

ly all roads are straight and cross at right angles, the beam need

not be very much wider than the roadway itself.

In hilly country, the variation in slope of the roads provides

one of the very worst conditions to be met in headlighting. In

passing down through a concave portion the lighting is limited

to the immediate foreground, leaving the driver at a disadvan-

tage, while in passing up over a convex rise the beam projects

too high above the road, producing, even with the best head-

lamps, bad glare in the eyes of the one approaching. No fixed

headlamp can provide satisfactory lighting under such road

conditions. The best compromise is probably the headlamp

adjusted to give best lighting conditions on the level road. With
tilting headlamps, easily controlled by the driver, proper illumina-

tion may be provided.

In driving on rough roads the angle of the headlamp is being

constantly varied through an angle of i or 2°. This is sufficient

to raise and lower the beam at 100 ft. (30.5 m.) by from i to 3

ft. (0.3 to I m.). These variations, however, are very quick

and the effect is not serious on either driver or passer since the

momentary flashes of but a fraction of a second are not nearly

so dazzling as longer flashes.

A more serious condition to be met is the variation of the in-

clination of the vehicle body due to shifting load. Several per-

sons entering or leaving the rear of the body will change the in-

clination of the headlamps by as much as i or 2° in most automo-

biles. Under such conditions it is difficult to adjust headlamps

with precision to within 2 or 3 ft. (0.6 to im.) at 100 ft. (30.5

m.) ahead. The best remedy for this condition is of course to

adjust for average load distribution.
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A difficult problem in headlighting is to provide safe illumina-

tion for passing vehicles on narrow roads. The very best illumi-

nation is required for safety in passing and glare can hardly be

avoided unless the beam is limited to well below the horizontal.

Illumination must have a reasonable spread since it is required

on the left to avoid the passing vehicles and on the right to illumi-

nate the margin of the road. In passing a vehicle in the same

direction the same conditions obtain, but reversed. Safety for

pedestrians requires fairly intense illumination extending well

out to the margin of the road. The eyes of pedestrians are on

an average of approximately the same height above the road sur-

face as the eyes of the automobile driver. Hence, the limitation

of the beam at its upper surface should be at the same height

above the road.

For safety at crossings probably the best illumination is that

w^hich provides a brilliantly lighted road surface 50 to 100 ft.

ahead of the vehicle and a considerable intensity just below the

horizontal to illuminate a considerable distance ahead. Dust or

fog of course adds to safety at crossings since both provide a

brilliant pillar of light from the illuminating beam, but this factor

can not be considered in headlighting, owing to widely varying

penetration.

In the illumination of sign hoards everything depends upon the

position of these sign boards. It is of course highly desirable

that these be situated low and if possible confined to within 5 or 6

ft. of the ground. It is doubtful whether the illumination of sign

boards should be considered in any way in the problem of head-

lighting since, if properly situated, they would be best illuminated

by headlights best meeting other requirements. For driving by

daylight a higher position is desirable.

To provide high illumination for road margins it is almost

necessary to provide other lamps than the headlamps. Spot

lights are much in vogue for this purpose and serve very well if

properly adjusted and directed. The illumination of overhang-

ing houghs and other obstructions is the chief service to be ren-

dered by the upper part of the three-quarter beam. It is, how-

ever, very doubtful whether such obstructions are of sufficiently

frequent occurrence, except in very limited localities, to be worth

consideration in headlighting.
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In driving on lighted streets preferences as to headlights vary-

widely. On well lighted streets there is little to choose between

having headlights entirely out and having them full on. The
favorite arrangement, and a very good one, is to switch the cur-

rent to small auxiliary lamps on the upper part of the reflectors

which provide a well spread illumination immediately in front of

the vehicle, but practically no light and no glare at a distance

ahead. It is doubtful whether the street light factor should be

considered in the design or adjustment of headlamps.

To deal with dust, fog, rain or snow which obstruct the light

and produce serious veiling glare very little can be accomplished.

Aside from the collection of light scattering material on the

windshield, these obstructions seriously interfere with both il-

lumination and vision. The dust or fog illuminated by the beam
produces bright veiling glare in looking through the beam at the

road surface. Above the beam, the unilluminated dust or fog

obscures vision by scattering and absorbing light which would

otherwise reach the eye.

Either bright or dark veiling is powerful in suppressing con-

trast and therefore interference with vision. There is no remedy

for it since contrast can not be increased or decreased by vary-

ing the intensity and, except when objects are highly colored, not

by using colored light. Since the observer and part of his visual

path are in darkness, increasing the intensity of a headlight, par-

ticularly by good focusing, considerably enhances the "boring" ef-

fect, or apparent penetrating power, of the headlight. With bright

veiling glare, if the illumination is too greatly increased, the

blinding effect is out of proportion to the increased visibility of

contrast.

In case the scattering particles are very small, approaching light

waves in 'dimensions, using illumination of longer wave length is

very effective in securing greater penetration. Since red is low-

in visibility and requires special focal adjustment in the eye, it is

usual to compromise with yellow or amber light since this is of

high visibility and the visual adjustment is the same for yellow

as for white. Fog not containing dust and rain and snow are

non-selective as regards color and the yellow light is not so ef-

fective.

Illumination is provided for these various road conditions in a
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wide variety of headlamps and modifying devices designed to pro-

vide adequate illumination under all ordinary road conditions

without serious glare of any considerable duration in the eyes of

any passing driver or pedestrian. These various devices are of

three general types: (i) special front glasses, (2) special

mirrors and caps and (3) devices for dimming and tilting

headlamps. Twenty-five of the better known devices are de-

scribed by Little.^ A critical study of headlamp design from the

engineering standpoint has been published by A. L. McMurtry.^^

We shall here discuss the various devices by groups from the

standpoint of effectiveness in obtaining the results desired.

Dimming and Tilting Headlamps.—In the dimming devices,

the current in the headlamps is under control in one of three

ways: (a) reduced to approximately one-half, (b) turned en-

tirely off, leaving only the sidelights and (c) switched to an

alternative pair of filaments of lower output and out of the focus

of the mirror. All three may effectively eliminate glare, but (a)

and (b) are certain to be unsatisfactory because of the lack of

sufficient road illumination; (c) is generally unsatisfactory for

the same reason except on partly lighted streets. None of these

devices are to be recommended even from the standpoint of elimi-

nating glare because it is certain that any such control of opera-

tions left to the discretion of the driver will be neglected where

such operations bring about greatly increased difficulty to the

driver in seeing the road or greatly increased trouble in operating

his car in difficult situations.^*

Permanently tilting the headlamps downward by an angle equal

to half the angle of the beam, if the beam is carefully focused, is

nearly as effective in the elimination of glare as any method

which does away with the upward light to the same degree. It is

open to the objection that it does not give the best distribution of

illumination on the road. The individual preferences in the

permanent adjustment of fixed headlights are many and various.

A common one and a good one is to center the left hand headlight

on the road at about 75 ft. (23 m.) straight ahead and put the

beam from the right hand lamp on the same spot. Others prefer

to center both lamps on the road at a distance of 100 ft. (30.5 m.)

or more. Still others prefer both beams centered to the right of
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the road. For safety in passing, however, the first mentioned ar-

rangement shows many points of superiority over the others.

Headlamps capable of being tilted by the driver can be operated

very effectively to give no glare with higher road illumination un-

der nearly all road conditions. This plan of course is also open

to the objection that its success in operation is dependent upon

the skill and attitude of mind of the driver.

Special Mirrors and Caps.—Various forms of split mirrors and

mirrors of silvered meniscus lenses permit of various distribu-

tions of light within the beam when the lamp filament is suffici-

ently concentrated. Split mirrors make use of the fact that,

when the lamp filament is in front of the focus of the mirror, the

light reflected by the upper half of the mirror goes into the lower

half of the beam while, if the lamp filament is back of the focus,

it goes into the upper half of the beam. Hence, by splitting the

mirror in a horizontal plane and displacing the upper half back-

ward, if the lamp filament is placed between the two partial foci,

all of the light will be thrown in the lower half of the beam. If

the two halves of the mirror are of different focal length, of

course the same result can be obtained without displacing one

half relative to the other. Split mirrors are used departing from

the ordinary paraboloidal form in one or both halves in order to

vary the distribution of light in the beam. Various forms are

capable of giving very nearly ideal distribution, but all require

very concentrated lamp filaments very precisely adjusted. A
sharp cut-off at the upper side of the lower half of the beam is

particularly difficult to obtain with this arrangement.

Various forms of lamp caps are designed to reflect or refract

the light which would eventually go into the upper half of the

beam into the lower half, in effect, therefore throwing the upper

half into the lower half. Theoretically, this is an ideal procedure

and, when applied in practice to lamps having very concentrated

filaments and carefully focused, excellent results may be obtained.

Special Front Glasses.—In conjunction with a simple para-

boloidal mirror a great many forms of specially designed front

glasses provide a wide variety of distributions of beam illumina-

tion. The front glass is the favorite device because of its sim-

plicity, effectiveness and ease of operation. The most service-

able types require a concentrated source and fairly good adjust-
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ments to give the beam distribution intended. Many of those on

the market are more ornamental than useful and some, all things

considered, are not as good as plain fronts. Good results may be

secured with merely prismatic departures from parallel surfaces.

Such front glasses do not produce secondary images outside the

glass, which, being approximately as bright as the source itself,

may give very bad glare to passers. Spherical or cylindrical sur-

faces of short radius are to be condemned in that they are all

wasteful of the light in the beam and that they form intense sec-

ondary sources, producing objectionable glare at considerable

angles from the axis.

While the special devices mentioned above, if properly con-

structed and adjusted in position in conjunction with a suitable

source of light, may give excellent x*oad illumination under aver-

age road conditions, in actual practice, it is found that fully half

the trouble from defective lighting could be obviated by the

proper adjustment of the devices actually in use. It is not un-

common to see headlamps directed upward so that none of the

light reaches the road and all of it would produce bad glare to a

passing driver. Probably not one lamp in ten is properly focused.

A campaign for special devices should be preceded by a cam-

paign for proper adjustment.

V. SAFETY LIMITATIONS.

It is the function of headlighting legislation to insure public

safety by setting fixed limits both to road lighting and to glare.

In this section is given a summary of the limits considered essen-

tial and desirable by this Committee. This set of limitations is

necessarily very different from the set of specifications for ideal

lighting (section 2) having to do with the safety, comfort or pleas-

ure of the driver alone.

I. Discretion of Driver.—The ideal lighting system as out-

lined in a previous portion of this report can perhaps best be ob-

tained where some features of operation are under control of the

driver. However, a system depending for its effectiveness upon

the discretion of the driver is objectionable in that through ignor-

ance, carelessness or malice on the part of some drivers such a

system will not always be properly manipulated. Many drivers

would obey the law only in the presence of an officer. Whether
or not this disadvantage is sufficient to warrant the sacrifice of the
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advantages inherent in a controllable system is still an open ques-

tion to some members of the Committee. A serious objection to

permitting such discretion is the difficulty of obtaining evidence

against an offender. Conviction on such evidence would involve

proof of the condition of the headlight at some previous time and,

if this condition were merely relative, in law no witness would be

competent. While each member of the Committee would favor

headlamp systems under the control of the driver so far as com-

fort, pleasure and to some extent safety are concerned, allowing

such discretion would involve difficulties in enforcing the legisla-

tion which would be required.^*

2. The Headlight Beam.—No headlight should be permit-

ted such that the reflected or beam light is projected above a plane

42 in. (10.7 cm.) above the road and parallel to it, measured 100

ft. (30.5 cm.) ahead of the vehicle. We do not consider it ad-

visable to place a maximum limit upon the lateral spread of the

beam provided it is confined to below the 42 in. level. Permitting

light in the upper right hand quadrant of the beam is still favored

by some, but the majority of your Committee favor limiting the

beam to the lower quadrants, particularly in districts having

numerous curved roads. The beams from spotlights should be

subject to the same limitations as those from headlights.

3. Scattered Light.—No light above the horizontal should

be tolerated which, at 5 ft. (1.5 m.) above the road surface, is of

more than a certain candlepower. This committee favors a

limitation of this form, but considers that the precise candle

power specification should be subject to such modification as may
seem desirable in the light of further experimental work. So

much depends upon the type of lamp filament, its precision of

mounting, the perfection of the mirror and the form of front

glass that, without further investigation, your committee is not

yet prepared to state what minimum limit is to be recommended.

The sharpest practical cut-off is desirable to minimize glare on

country roads, since with dark surroundings the retina is so sen-

sitive as to be easily blinded. The practical limit is of the order

of 100 to 500 candle-power 1° above the horizontal or 5 ft. (1.5

m.) above road level at 150 ft. (46 m.). The 5 ft. level is

specified rather than the usual 42 in. (107 cm.) level since we are

concerned with glare chiefly at the average height of the eyes of

pedestrians and the drivers of approaching automobiles.
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4. Minimum Illumination.— No driving should be permitted

where the road illumination provided is less than o.ooi f.c. This

limitation, of course concerns chiefly the safety of the driver him-

self, but also the safety of pedestrians and the occupants of un-

liffhted horse-drawn vehicles.

5. Minimum Spread.—The normal illumination provided at

distances from 50 to 100 ft. (15.3 to 30.5 m.) ahead of the vehicle

should not be less than 10 ft. (3.1 m.) in width upon the road sur-

face. With a sharply focused narrow beam and very little scat-

tered light, passing other vehicles is dangerous because such a

beam cannot illuminate both the vehicle passed and the edge of

the road on that side.

6. Colored Headlights.—The use of white headlights should

never be legally required since it can not be enforced. Even with

uncolored headlights no source of light even closely approaches

white. Aside from the slight and unimportant color distortion,

your Committee finds no objections to the use of the yellow or

amber colored headlights.

Your Committee have attempted in this report to present only

such matter and make such recommendations as it could reach

substantial agreement upon and at the same time not omit the con-

sideration of any point upon which it could be expected to report.

Although a report of this nature could not be prepared in a few

weeks or even months, we believe we have finally carried out the

instructions of the Council to ''prepare a statement of principles

and data for use by" other committees. We have endeavored to

prepare just the data required by (i) automotive engineers in de-

signing lamps, caps, mirrors and lamp fronts to produce the il-

lumination specified and (2) committees on lighting legislation

for the preparation of effective legislation based upon both scien-

tific principles and good practice.

P. G. Nutting, Chairman,

C. O. Bond,

WlLUAM Churcpiii.1.,

J. R. Cravath,

E. J. Edwards,

W. B. Lancaster,

W. F. E1TT1.E,

S. C. Rogers.
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DISCUSSION.

Arthur H. Ford : The Committee is to be congratulated on

the clearness and completeness of this report, which settles many
controverted points. The prominence given to ''beam candle-

power" is to be questioned. Owing to the fact that the beam of

light in front of a headlamp provided with a reflector or lens, is

a series of cones having their apices at various distances from

the lamp, the apparent beam candlepower can be varied through

wide limits by locating the photometer screen at varying dis-

tances from the lamp and multiplying the illumination intensity

on it by the square of the distance from the lamp. The illumi-
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nation intensity at a specified distance from the headlamp would

seem to be a better criterion by which to judge.

The proposal to limit the height of the reflected beam by

specifying the maximum illumination intensity permissible above

a certain height, as 42 in. at a distance of 100 ft. in front of the

headlamp, is to be commended ; as this is the only kind of a limi-

tation that is readily enforcable.

J. R. Cravath : In considering the report of this Committee

some emphasis should be placed on the fact that it deals with

principles rather than specific requirements and that the making

of definite specifications designed to reduce the glare evil, which

is the point of most practical importance at the present time, is

left to subsequent experiments which this Committee was not in

a position to carry out. These experiments are at present writ-

ing being carried out by a subsequent Committee. The writer's

study of this subject has convinced him that there are so many

variables which must be considered in a scientific analysis of this

subject that it is practically hopeless to arrive at a definite speci-

fication as to the candlepower or illumination to be permitted at

the eye level at a given distance by such analysis or by any

method other than the empirical; that is by actual trial on the

road, with automobiles driving past each other as in practice,

with headlamp beams giving a known measured illumination

within the glare zone or at eye level. Results from a sufficient

number of such practical tests will give us results sufficiently

reliable for legislative specifications as to the illumination or

candlepower permitted within the glare zone.

F. H. Murphy: This is indeed a very timely report and I

much appreciate the work of the Committee. From the general

attitude of the automobile owners in this section of the country,

relative to our attempt to improve the automobile headlamp situ-

ation, I feel certain that there is a positive demand for intelligent

legislation regarding this matter. The large majority of drivers

will undoubtedly welcome something concrete which will im-

prove present conditions, although there will always be varying

opinions regarding the proper limits of glare in illumination.

The greatest opposition to any legislation will, however, arise
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not from the great body of earnest, intelligent drivers but such

selfish interests as manufacturing establishments whose products

clearly will not meet the requirements of any sane legislation and

from that species of driver, commonly known as the "road hog,"

neither of whom have any interest whatever in the public welfare.

In fact intimations have already been made as to what may be

expected.

Past legislation in this section has in general been so hazy

that neither the judicial nor executive officers had a clear idea of

what constituted a violation of the laws in many cases. As a

result of the general dissatisfaction because of certain arrests and

judgments pronounced which were often manifestly unjust the

sheriff of the county and the chief of the police of the city decided

to leave the matter of what should constitute a violation of the

existing laws to the opinion of a competent committee and to be

governed by its decision in making future arrests. Such a com-

mittee consisting of the sheriff, the chief of police, chairman of

the Public Safety Commission, a representative of the county

commissioners, a representative of the city council, an illumi-

nating engineer and three or four representatives of the various

automobile organizations, dealers, accessories, etc., was selected,

which after due deliberations made some general recommenda-

tions. The one section of the existing law which seemed to give

the greatest trouble was relative to glare. It read as follows

:

"No operator of any motor vehicle shall use a headlight unless

it is so shaded as not to blind or dazzle other users of the high-

way or make it difficult or unsafe for them to ride, drive or walk

thereon." The Committee then reported in arriving at a decision

as to what will constitute a glaring headlight in accordance with

the terms of the present ordinance and in the absence of any

extensive set of tests, the following general conditions are agreed

upon:

"A headlight will not be considered glaring when the surroundings of

the headlight can be seen unaccompanied by a halo, if the driver can look

at the approaching car and readily see objects between it and himself.

"The size of lamp permitted in any headhght must not exceed 2^

candlepower.

"The size of lamp permitted in headlight falHng under subdivision 2 of

the non-controlled light class as defined hereafter must not exceed 18

candlepower.
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"Headlights will be divided into two general classes, those having con-

trolled lights and those having non-controlled lights.

"A headlight to be included in the controlled light class must direct

the majority of its light upon the level roadway below an imaginary hori-

zontal line drawn through the center of the headlight. This may be done

by tipping either the entire headlight or the reflector and lamp equipment

so that the center of the cone of light from the headlight shall strike the

level roadway not to exceed 75 ft. beyond the machine or it may be accom-

plished by means of lens glass front used on the headlight which by means

of their construction direct the majority of the light below the horizontal.

"All other headlights will be included in the non-controlled light class.

Under this class two subdivisions are considered. Subdivision i to include

those headlights with clear glass fronts and subdivision 2 those which by

means of diffusing glass fronts, special screens or specially designed

reflectors decrease the light thrown above the horizontal to a certain extent

in an attempt to eliminate objectional glare.

"All headlights falling under subdivision i of the non-controlled light

class must have the lamps controlled by means of dimmers and they must

be fully dimmed when driving on lighted streets or roadways or when
within less than 200 ft. of an approaching vehicle on unlighted streets or

roadway's.

"Those falling under subdivision 2 of the non-controlled light class

must as stated previously not use lamps with greater than 18 candlepower.

"Machines desiring to use spot lights must have same mounted upon

the left hand side of the machine and lights must be so adjusted that the

center of the light cone will strike a level roadway not over 75 ft. ahead

of the machine and to the right of the center line of the machine."

The various lenses sold in the local market were then classi-

fied in accordance with the divisions. The classifications thus

made by the Committee were more or less unsatisfactory because

they were made without specific tests and to avoid as much fric-

tion as possible temporarily until something satisfactory in the

way of legislation could be enacted. With that end in view the

illuminating engineer was asked to draft, for presentation to the

general Committee, a proposed law which could be submitted to

the various legislative bodies to enactment. The purpose of the

law was to minimize the glare of headlights
;
provide ample

illum.ination for safe driving, both from the standpoint of the

driver and of the public; to be reasonable in its requirements;

and finally to be clearly expressed.

Thanks to the work of Mr. P. G. Nutting and his Committee,

as well as to the information obtained fom tests recently made in

New York by representatives of the Illuminating Engineering
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Society and the Society of Automotive Engineers, the local

report may now be prepared with much greater intelligence and

confidence than would have been possible a few months earlier.

The success which our somewhat primitive efforts has met thus

far is indeed gratifying. For a time the police department con-

ducted a sort of a testing station where any owner could come
with his machine and have suggestions made to him as to what

was necessary for him to do in order to comply with the law. In

fact in many cases the adjustment would be made at the time.

Recently, however, the station has been dispensed with and at

present there is a commercial station which for a small fee will

properly adjust the lights in accordance with the present ruling.

One of our greatest sources of trouble seems to be the use of

high candlepower lamps with diffusing glass front for the head-

lamp. Another source of trouble is improper adjustments of

the focus of the lamp and the alarming lack of knowledge on

the part of the majority of garage men as to how to properly

focus the lamp. It is not surprising that an owner would be

ignorant of this fact, but that the men who are paid for caring

for the machines should also be ignorant is unfortunate. There

is indeed need for an educational campaign.

There is no doubt that one of the most important problems

before us at the present time is a satisfactory solution of the

headlamp situation and whatever compromises may finally be

agreed upon they should be nationally adopted. It would seem

that such a purpose could best be accomplished through con-

certed action of such national organizations as the Illuminating

Engineering Society, the Society of Automotive Engineers and

others who are vitally concerned in this matter. Another unfor-

tunate condition is the tendency nowadays of manufacturers to

equip the cars with certain patented devices presumed to improve

the lighting features but which in reality are often the most

flagrant transgressors of law and reason. If manufacturers could

be persuaded through the influence of these national organiza-

tions to equip their cars only with clear glass fronts for head-

lamps until such a time as a general agreement is reached regard-

ing what shall constitute a proper headlight it would greatly sim-

plify and improve matters.
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Dr. Nutting (In reply) : We have attempted in the present

report to co-ordinate the various phases of the headlamp prob-

lem, namely, the properties of the retina upon which visibility

and glare depend; (2) the optical problems involved in the design

of headlamps; (3) the practical road conditions complicating the

simple headlamp problem, and (4) the legal limitations necessary

and sufficient for the public safety.

Our data on the properties of the retina cover a wide range of

flux densities and include those met with in automobile driving.

The uncertainty is in the choice of a discrimination limit cor-

responding to actual requirements. For lack of practical road

measurements we chose the brightness o.oi ml. as a tentative

value, this giving half the discriminating power of full illumina-

tion. Possibly half of this would be esteemed sufficient by the

majority of drivers under most conditions. This question will

not be settled until a great number of observers have made actual

road tests under a wide variety of lighting conditions, as Mr.

Cravath has pointed out. However, conclusions from such meas-

urements should be drawn with care since they will be profoundly

influenced by such accidental factors as the illumination of sur-

roundings, nature and color of test objects and previous exposure

of observer.

As to the practical means of securing better headlighting with

less glare, most important of all is to secure proper adjustment

of the devices already in use. From my own observations, I

should judge that hardly one headlamp in ten is properly adjusted

to give the best results it is capable of giving. After adjustment,

of course improvements in design are in order and in this case

the real trouble maker is the lamp filament, since the mere replac-

ing of the lamp bulb may throw the headlamp system from the

highest to the lowest class of adjustment. A few hundredths of

an inch in the region of the lamp filament will throw the beam

several feet laterally 100 ft. ahead of the lamp.

Improvement is to be looked for in practice therefore, first in

the careful adjustment of existing headlamps, secondly in im-

proved and more uniform lamp filaments making still more care-

ful adjustment possible and finally in such legislation as will

compel automobile drivers to use good lamps and keep them care-

fully adjusted.
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Ward Harrison (Communicated) : In reading page 280 of

this report I was surprised to note the decided stand which the

Committee has taken against the use of lights controllable at the

discretion of the driver. The only objection advanced against a

system of this kind seems to be based on the premise that a large

proportion of the automobile drivers will have no regard for the

law unless punishment for its violation is a certainty. To this I

cannot agree. I have driven for a number of years in a state

where adjustable spot lights are very generally employed, and I

can recall but two occasions in all of the thousands of times when
I have passed vehicles so equipped, that the light was allowed to

shine in my face.

It is true that to-day there are many headlights operated with-

out any provision whatsoever against glare, but I believe that this

is due in the main to the fact that some people will no spend

money or anything unless they have to ; and further, that some

others have not found any anti-glare device which they consider

sufficiently satisfactory to purchase. Assuming that the law re-

quired that every headlight be equipped with some form of anti-

glare device, controllable or otherwise, it is safe to say that of

those who chose the adjustable lamps, the overwhelming majority

would prove themselves considerate of their fellow-travelers. If

anyone were so far forgetful as to leave his lights directed in a

manner objectionable to the driver of an approaching vehicle, the

latter would have a ready means of reminding him„ The fact

that many drivers habitually exceed the speed limit has been

cited to support the claim that they would also disregard the

headlight law if possible. The point of difference is that in

the former case they do not feel that they are directly endanger-

ing or inconveniencing anyone else. In the case of the improp-

erly directed headlight the inconvenience is obvious.

Sometimes there is a tendency to exaggerate the glare menace.

If a driver is really afraid to proceed against a pair of glaring

headlights he can always protect himself by coming to a stop on

his own side of the road, in which case he has the absolute

assurance that the other man can see how to avoid him. When
walking on a country road one welcomes the automobile with

powerful lamps, because it gives ample warning of its approach.

4
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Safety from the standpoint of the man behind the headUghts

must also be considered. After having experimented with many

headlight devices I have never found any except the adjustable

type which really makes driving over unfamiliar country roads

altogether safe after nightfall. In touring one often traverses

many miles of road where vehicles are passing but infrequently,

and where a level stretch of pavement is the exception ; certainly

under these conditions the risk of accident is much reduced if a

headlight device can be used which projects its beam far ahead

of the car and which can be adjusted to take care of changes in

grade. It is only with a headlamp which is capable of throwing

a considerable volume of light above the horizontal that sharp

turns and obstacles in the road can always be distinguished at a

safe distance.

Dr. Nutting (In reply to Ward Harrison) : I think every

member of the Committee will agree with Mr. Harrison in his

argument in favor of the controllable headlamp as stated on

page 281 of the report. However, the section of the report to

which he refers (paragraph No. i, "Discretion of Driver," under

Section V, ''Safety Limitations") deals with the legal require-

ments of the headlamp situation. Laws are made to protect the

public against the very small percentage of inconsiderate or reck-

less individuals and if any law is to be drafted to deal with this

situation it should be so drawn as to be capable of enforcement

against the very small percentage of automobile drivers who

would violate it.

Possibly the objections to the controllable headlamp were not

stated at sufficient length in the report. The question of enforc-

ing a law depends upon the collection of evidence and if a device

is capable of quick adjustment over a wide range, it might easily

be adjusted after the offense was committed and no witness would

be competent to positively state what condition it had been in at

some previous time. Therefore, no convictions could be obtained

and the law would be unenforceable. Hence we state in the

report that, while we favor such adjustable control, it was not

considered feasible to draft enforceable legislation covering such'

control.
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We would all appreciate the increased freedom of operation of

the illumination provided and the added comfort and pleasure in

driving which it permits, but I personally doubt very much the

feasibility of drafting headlamp laws which will obviate the mis-

use of adjustable headlamps.
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THE FOOT-CANDLE METER *

BY C. F. SACKWITZ.

Synopsis: The following paragraphs contain a description of the foot-

candle meter. This is a small portable self-contained device for measuring

illumination, which has been developed from a design originated by Dr.

Clayton H. Sharp. The foot-candle meter is contained in a japanned

metal case 7^ in. by sH in- by i^ in. (19.7 cm. by 14.6 cm. by 3.8 cm.) and

weighs about 3 lbs. (1.36 kgm).

Every illuminating engineer is familiar with the various port-

able devices for measuring illumination which are on the market

at the present time. Those be'^t known and possibly most

universally used are the Weber photometer, the Sharp-Millar and

the Macbeth illuminometer. At this point let it be understood

that the foot-candle meter was not designed to take the place of

these instruments, but to render a service heretofore not readily

obtained from them.

At the meeting of the Association of Edison Illuminating

Companys at Hot Springs, W. Va., on Sept. 4-7, 1916, Dr. Clayton

H. Sharp exhibited a working model of a small self-contained

instrument of the illuminometer type which embodied the one

distinctive feature of being equipped with a foot-candle scale

which could be read without the manipulation of any moving

parts.^

Mr. S. E. Doane was present at this meeting and had the

opportunity of inspecting the small illuminometer. He at once

realized the many advantages that could be obtained from the use

of an instrument of this kind if placed in the hands of lamp

salesmen, for, due to its possibilities of small size, light weight

and simplicity of operation it gave promise of opening an en-

tirely new field of practical photometry, where the larger and

more precise instruments were not available and where the de-

sired accuracy of the measurements was not such as to necessitate

their use.

With this in view arrangements were made so that the device

* A paper presented before a meeting of the Pittsburgh Section of the Illuminating
Engineering Society, held in Cleveland, Ohio, December 14, 1917.

1 This is described on page 569, Electrical World, Sept. 16, 1916.



^

—

^

'''''^!-''^^^^9>^*»*'^»s0im» immmmmmmsmmm

FiR. I.

Figs. I and 2.

The foot-caudle meter, meter case and descriptive booklet.

Fiff. 2.—The light box.



Figs. 3 and 4.

Fig. 3.—Complete light box equipped with scale. •

Fig. 4.—Location of various |>arts of the foot-candle meter within the case
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could be taken over, developed and manufactured for the use of

the various lamp interests in the promotion of lamp sales.

The foot-candle meter in its present form, Fig. i, consists of

five principal parts, namely

—

The metal case

The light box (containing the photometric scale, diffusing screen,

and comparison lamp)

The flashlight battery

The rheostat

The voltmeter

The light box is shown in Fig. 2. It is composed of a pressed

metal box about 6^ in. (17.2 cm.) long by i in. (2.5 cm.) wide

and I in. (2.5 cm.) deep at the end containing the comparison

lamp and about i in. (2.5 cm.) wide and ^ in. (1.3 cm.) deep

at the opposite end, and is lined throughout with white blotting

paper. The comparison lamp is located at the large end of the

box and directly in front of it is placed a ground glass diffusing

screen. Over the remaining opening is placed the photometer

screen. This is composed of a strip of clear glass about 5^ in.

(14 cm.) long by i in. (2.5 cm.) wide over which is pasted a

piece of semi-opaque white paper through the center of which is

punched a series of ^ in. (3.2 mm.) round holes equally spaced

throughout the entire length. Over this is pasted a thin sheet

of translucent paper commonly known as berkshire paper. If

this screen is held with one side ^oward the light and viewed

from the opposite side the parts of the paper from which the

holes have been punched appear much brighter in contrast with

the rest of the background but if held in such a position that the

illumination falling on both sides of it is of equal brightness the

round spots practically disappear from view.

It is this principle that is made use of in the foot-candle meter.

The comparison lamp located in the extreme end of the light box
illuminates the interior of the light box, brightly at parts close

to the screen and gradually decreasing toward the farther end

of the box, the rate of decrease in illumination var)''ing inversely

between the second and third power of the distance from the

screen. Fig. 3 shows a complete light box equipped with a scale

ranging from 0.5 to 25 foot-candles.

Certain features of the remaining units in the assembly are
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worthy of brief mention. The battery is a standard three-cell

flashlight type chosen because of its small size and availability for

replacement. The higher voltage of the three-cell battery permits

of the use of an advantageous design of comparison lamp. The

rheostat had to be a new and special design because no available

design met the requirements of reliability and strength. The

voltmeter is also unusual for a small instrument in that it con-

tains over 100 ohms per volt of scale reading. This high re-

sistance seemed necessary in order to get a high ratio of total to

moving coil resistance, thereby allowing a performance little

affected by changes in temperature. The high resistance of course

has the added advantage that it avo'ds adding unnecessary load

on the battery. The open back view of the foot-candle meter,

Fig. 4, shows the various parts and their respective locations in

the pressed metal box.

There are yet many possible tests concerning the accuracy of

the instrument which have not been made. Certain data, how-

ever, have been obtained, and the indications are that if the foot-

candle meter is carefully used under conditions not involving too

great a color difference, the results obtained should be accurate

to within about 15 per cent. This pertains to measuring illum-

ination from such light sources as carbon, vacuum tungsten and

gas-filled tungsten lamps. In measuring illumination from gas-

filled tungsten "daylight" light sources, a group of nineteen differ-

ent observers showed an average error of about 32 per cent., the

readings taken on the foot-candle meter being lower than the

actual illumination. This is not unexpected for in reading illum-

ination w^here so great a color difference is involved, considerable

difficulty is experienced even with the most elaborate instruments,

individually calibrated by each observer.

As a check on the above data the illumination at these same flux

stations was measured by tw^o observers with a well-known

portable photometer which had previously been calibrated by a

third and disinterested person. This was using the portable

photometer under practically the same conditions as the foot-

candle meter. The following results may be of interest.



SACKVVITZ : THE FOOT-CANDLE METER 295

FooT-cANDivE Meter.

Observer

D. C. H.

C. F. S.

Per cent, error of average

D. C. H.

C. F. S.

Carbon
per cent.
error

Vacuum
tungsten
per cent.
error

Gas-filled
tungsten
per cent.

error

Gas-filled
"daylight"
per cent.
error

+8. + 18. -8. —17.

+4. + 8. —8. —22.

+6. +13. S. —20.

[.E Photometer.

—6. +3- +12. +36.
+10. +4- +15. + 11.

Per cent, error of average +2. +4- +14. +24.

It should be understood, however, that the above figures simply

show the results obtained by making a few rough comparisons

between the foot-candle meter and the more precise portable

photometer with a view of showing that some errors w^hich may
be attributed to the inaccuracy of the foot-candle meter may really

be due to the individual characteristics of various observers, and

to the fact that the foot-candle meter is not "checked up" or

calibrated by the person who is to use it, as is generally the case

with the more elaborate portable photometers.

It is also reasonable to believe that in the case of any one

making" frequent use of the foot-candle meter, and having access

to a standard of candlepower of some kind, greater accuracy

could be obtained if the scale were actually calibrated at various

points to fit that persons particular judgment of the various foot-

candle intensities on the scale. This could even be done in cases

where it was desired to measure illumination which diifered in

color with that of the foot-candle meter, for even though this so

called "checking up" or recalibrating would involve the expendi-

ture of a little more time on the part of the user there will be

found many cases where the foot-candle meter, due to its ex-

treme portability and simplicity of operation, will be found to

render a service heretofore not obtainable.

Perhaps the uses for which the foot-candle meter is particu-

larly adapted are obvious but it may be of interest in conclusion

to cite an actual occurrence which was just recently brought to

the attention of the writer.

The master mechanic in a large railroad shop began complain-
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ing of the poor illumination in his office a year or so after the

illuminating engineer had provided him with a new system com-

puted to give 8 foot-candles on his desk and table. The suggestion

was made that he try cleaning the lamps and reflectors. This

was not done because of lack of confidence in the suggestion of

the illuminating engineer, prompted by his own judgment that

the units appeared to be reasonably clean.

The engineer exhibited a foot-candle meter and secured the

interest of the master mechanic in noting measurements which

showed that he had only 4 foot-candles where there should have

been 8. His interest in the measurements were such that he

agreed to have the units cleaned at once. When the first of the

four units was cleaned the scale of the foot-candle meter prompt-

ly showed 5 foot-candles, and finally when the last unit had been

cleaned the scale showed 8 foot-candles. Needless to say the

master mechanic was convinced of the necessity of cleaning light-

ing units in his office and also throughout his shops periodically,

no further arguments being necessary in the face of the story

told by the foot-candle meter.

Had it been necessary to make the above test with one of the

more precise types of illuminometers it is doubtful if the results

would have been as convincing, for the average person outside of

those engaged in illuminating engineering does not understand the

operation of such complicated apparatus and is likely to lack faith

in the results. With the foot-candle meter the results are obvious

since they are obtained directly from the scale and can be read

nearly as well by the layman as the experienced engineer.

In general it may be said that present indications are that the

foot-candle meter will prove to be of great value in making

illumination measurements where extreme accuracy is not

essential but where it is necessary that the customer be thorough-

ly convinced of the lighting conditions in his establishment. With

this assistance the engineer and salesman should have less diffi-

culty in talking good lighting in terms of tangible units capable of

demonstration.

DISCUSSION.

Mr. Scott : I am very much interested in the instrument

which Mr. Sackwitz has described, principally from the stand-
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point of promoting the use or advertising the use of a high

degree of illumination in various industries. I think that the engi-

neers who developed this little device have given us a beautifully

self-contained apparatus, and one that no salesman who is sellmg

better light can fail to appreciate. I do not know how much I

ought to lay stress on that feature, though, because I do not

know how readily available that instrument is at the present time

commercially, but I cannot refrain from saying that when they

are generally available that they will be found a great tool in the

hands of the commercial men. Thousands of dollars are spent

every lighting season by the different interests in trying to edu-

cate just such men as Mr. Sackwitz mentioned (the master

mechanic), to the need for greater illumination in the shop, and

the ways of securing it, not only by keeping units clean, but by

using higher wattage units where the present units are insuffi-

cient, and actual visual proof is a whole lot more convincing

than where you have to take the salesman's word upon it. One
other point : if I were a salesman using this device, without

seeming to be captious at all, I do not think I should use the name

foot-candle meter in taking it up with the customer. That is a

very accurate name and an excellent name for us who under-

stand just what is meant by it. Considering it in a technical

sense, it fits admirably, but it seems to me that there is certainly

a psychological effect that the word "meter" has on the average

man, that tends to make him afraid that the more light he uses

the more it will cost him. In his mind he will be measuring

dollars and cents while you are measuring light, whereas if you

call the instrument an "indicator," or perhaps an ''illumination

indicator," you would steer clear of the prejudice against meters.

Simply show the prospect that you are indicating the degree of

illumination, which is, after all, what he wants. He is not par-

ticularly interested in foot-candles—in fact he does not, as a rule,

know what a foot-candle is. Moreover, the word "candle," as a

unit, is falling into more or less disuse. The term "foot-candle"

tends to perpetuate the candle in the popular m.ind. Even in our

own discussions, might it not well be superseded by the term

"lumens per square foot"?

It seems reasonable to assume that in using Mr. Sackwitz's

device commercially, a better impression will be created by call-
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ing it an indicator, and as a nickname the "illumination indicator"

is suggested for individual consideration.

F. E. Cady, Cleveland : It is an interesting fact that the engi-

neers who have devised this instrument have made practical use

of a principle employed as far back as 1894 by Trotter and

referred- to by him as *'not likely to be required except for

researches."

There is one technical point which struck me as Mr. Sackwitz

was describing the instrument which may or may not have any

significance, and that is the use of a small raised spot on the

resistance. From the little experience we have had with resist-

ances of the type where contact is made by a spring we have

found that there is a tendency for the spring of the arm in time

to weaken and I should think that if when the arm came to the

point where contact was to be broken it was raised or forced up

that that might in time weaken the spring and cause trouble in

making contacts. I would like to ask whether there is any par-

ticular advantage in that over the type which is quite common
of having the arm come to rest at the end on a contact which is

not connected in any way with the series, but which is at the

same height as the other parts of the resistance?

E. J. Edwards, Cleveland : Mr. Sackwitz mentioned that the

uses for the instrument probably were quite obvious. A great

many of them are, but there are some which were not antici-

pated. An example is the use in making beam candlepower meas-

urements of autornohile headlights. The automobile headlight

problem is one of considerable interest to illuminating engineers

and others at the present time, and the foot-candle meter has

already been considerably used for the checking and studying of

experimental headlights. The Department of Streets and Sewers

of the City of St. Louis is using one of the instruments in con-

nection with other equipment for the inspection of owners' cars

which are questioned as regards complying with the law. It was

a long time before people could agree that automobile headlights

could be properly specified in terms of beam candlepower, but

now that agreement seems to exist and is desirable to have some
2 " Illumination, Its Distribution and Measurement," by A. P. Trotter; MacMillan

& Co., 1911.
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ready means of measuring the intensity. The foot-candle meter

is an advantageous instrument for that purpose because it is so

easily used, for this, in particular, is a case where extreme accu-

racy is not necessary. By standing in a position in front of the

headlight and choosing a distance so that the illumination comes
within the limits of the scale, and then multiplying by the square

of the distance, the beam candlepower to sufficient accuracy for

most all necessary purposes in automobile headlight testing is

obtained.

Commenting on the name chosen for the foot-candle meter,

illumination indicator was the first name considered. As a first

impression, any word with meter tacked on the end seemed ob-

jectionable because of a technical sound and the possibility of a

resulting undesirable impression among salesmen and others who
might be shy of a new instrument with a high sounding name.

But meter isn't quite so high sounding as it used to be. Most
people now are familiar with automobiles equipped with am-
meters, motometers, etc., and these meters are more indicators

of a condition than they are precision measuring instruments.

The name "foot-candle meter" well describes the instruments and

there has so far been no evidence of the handicap expected by

Mr. Scott.

W. P. Hurley, Pittsburgh: i. One particular application of

this instrument which has come to my attention is its use in fac-

tories where machines or other large objects on the floor are

shifted during the day between tests made on successive nights.

At times it is impossible to get a sufficiently extended test in one

evening with the older photometers, necessitating the work being

repeated after the apparatus on the floor had been moved. The

foot-candle meter would greatly increase the chances of getting

such work completed at one time.

2. The personal equation involved in the percentage of accu-

racy is not clear to me. By this, I mean the percentage varia-

tions one unaccustomed to the foot-candle meter would get from

his observations with a photometer to which he had been accus-

tomed and with which he obtained approximately correct results.

Is it advisable to check the foot-candle meter against the pho-

tometer to accustom an operator to its correct reading?
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3. Considerable explanation was made of the temperature

effects in the voltmeter used with this instrument, which leads

me to ask as to the possibility of using an ammeter.

Dr. E. p. Hyde, Cleveland : Possibly as a member of the Com-
mittee on Nomenclature and Standards I may be pardoned for

answering one point which Mr. Scott has raised regarding the

name suggested by the authors. He speaks of the term ''candle"

becoming obsolete. It is true that an effort is being made to place

the emphasis on the flux of light expressed in lumens rather than

on the luminous intensity expressed in candles. But on the other

hand, the work ''candle" enters into the most commonly used

term indicating illumination, namely "foot-candle."

Although there is a relation between the foot-candle illumina-

tion and the flux in certain cases, the instrument in question is

not a flux meter in any sense, and it would seem desirable to

retain the term "foot-candle" as a part of the name of the instru-

ment since I believe that people very quickly come to learn the

significance of such special technical terms. We have only to

refer to other branches of engineering to see how quickly unusual

technical terms are accepted and used, as for example, in con-

nection with the aeroplane and the automobile. In fact, people

rather pride themselves on getting new technical names, and I

think it is desirable to name this new instrument, which is destined

to quite common use, as accurately as possible as a means of

educating people to the use of terms which will soon become

household terms, as the candle was some time ago. I should cer-

tainly not like to see the term "foot-candle" avoided on the

ground that the word "candle" is obsolete or obsolescent.

Do you not think, Mr. Sackwitz, that of your two answers to

Mr. Hurley's question the second one applies in this case?

Though it is true that the instrument would be more sensitive to

a given rheostat change, at the same time the candlepower change

is less sensitive to changes in current, so that a given rheostat

change would make the same difference in the intensity, even

though it made a larger difference in the current.

Mr. Sackwitz : Answer to Mr. Cady's question on the rheo-

stat. Our first idea in putting the stop on the rheostat was that
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since we wanted it to act as a switch in the off position, we thought

the fact that it would sort of cUck into that position would be

something of an indicator that the instrument was thrown out

of circuit.

As to the weakening of the spring in the rheostat arm, these

instruments have only been in service for a short time, but we
have not experienced any trouble and we do not anticipate any,

because the stop is so far from the center or turning point of the

arm that the slight distance which the arm is caused to rise is not

enough to even approach the elastic limit of the spring.

Answer to Mr. Hurley's question. As to the accuracy of the

readings obtained with the foot-candle meter, I might say that in

calibrating the scale we have used an illumination of 5 foot-

candles on the photometer bar, under conditions of fairly good

color match ; that is, we set up the foot-candle meter on the pho-

tometer bar at a point where the scale receives an illumination of

5 foot-candles. We then adjust the voltage of the comparison

lamp to such a value as will cause the 5 foot-candle point of the

foot-candle meter scale to read correctly. The position of the

pointer is then marked on the voltmeter scale. If various other

observers used the foot-candle meter with this calibration it seems

reasonable to believe that they might get somewhat different

results, but due to the fact that it is calibrated with a fairly good

color match, if the other observers use it for reading illumination

giving a reasonably good color match, I think the limits of accu-

racy should be, say 15 per cent. Under some conditions better

accuracy than this might be obtained.

Answer to Mr. Hurley's question regarding the use of an

ammeter instead of a voltmeter. We tried using an ammeter on

some of the first models and noted the lack of desirable sensitivity

in setting. The increment of change on the scale per unit of

change of candlepower of the lamp is only one-half as great in

using an ammeter as compared with using a voltmeter.

Another objection to the use of an ammeter was the effect of

temperature change on the calibration of the instrument. Most
of the ammeters for this purpose are equipped with a shunt which



302 TRANSACTIONS I. E. S. VOL. XIII, NO. 5, JULY 20, I918

is made of non-temperature coefficient metal and a moving coil

of copper. As a change in temperature affects only the resistance

of the copper coil and not the resistance of the shunt, it is obvious

that the calibration of the instrument would be different at differ-

ent temperatures.

Answer to Dr. Hyde's question. The reading when measuring

the flux from Mazda C-2 lamps was about 20 foot-candles. One
would not expect that these readings would be affected appre-

ciably by the Purkinje effect. We did not, however, take any

readings at lower illuminations. As I said in the paper there are

many tests of interest that could be performed but which we have

not yet had the opportunity of performing.
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When conditions justify the combined use of locahzed and gen-

eral illumination the best proportioning of the light received from

each becomes a matter of interest. Such conditions sometimes

prevail in office or work-room lighting, but are especially char-

acteristic of the lighting of living-rooms and libraries. Where a

high foot-candle intensity on the working plane is obtained en-

tirely by general lighting there is difficulty in avoiding glare from

the light source or sources ; this is especially true in a small room.

On the other hand, the attempt to obtain such an illumination

solely from a localized source is likely to produce unpleasant con-

trast. For any given case there should be some combination of

the two forms of illumination that would on the whole, give the

greatest satisfaction. The suggestion that this matter be made
the subject of a quantitative study is due to Mr. L,. B. Marks, to

whom the authors wish to make acknowledgement. The solution

of the problem involves so many factors that it would probably be

impossible to find a ratio which could be universally applied. A
step in this direction, however, has been taken by working out one

or two definite cases, where the conditions are made simple and

are carefully defined. While the results obtained from such an

investigation hold only for the assumed conditions, they may
serve as an indication of probable requirements for other and

more complex cases.

The problem takes the following form. A room of given

dimensions and wall characteristics is provided both with general

* A paper prepared for the 1916-1917 Correspondence Convention of the Illuminating
Engineering Society. This paper was also presented before the Chicago Section of the
Society, November 15, 191 7.
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lighting and with a given form of locaHzed lighting. While the

total intensity on the working plane is kept constant, the relative

proportions from the two sources are adjustable by methods ex-

plained below, and a series of observers decide upon the propor-

tions of localized and general light which give the greatest satis-

faction. Depending on the form of fixtures from which the

localized light is supplied, this problem may have several phases.

Thus for the general illumination, indirect lighting may be used

or a properly designed system of ceiling fixtures, while the local-

ized light may be obtained from a desk or table lamp which may

have a translucent or opaque reflector and the light from which

may be more or less diffused. Looking next at the problem from

the point of view of the room, while the ceiling may be assumed

to be white or nearly so, the walls may be light or dark. Also

the ceiling may be at different heights. Again, questions of fur-

nishings, pictures and colors may come in. These variations may
offer material for future investigations, but in the first attack it

seemed best to keep the problem as simple and definite as pos-

sible, even at the risk of its not being of the most general applica-

tion. Thus a room with white ceiling and black cloth walls was

chosen, and the direct light was obtained from a table portable

with an opaque reflector and an opening so low that the light was

not visible to the observer. Also the light was diffused by means

of ground glass.

DESCRIPTION OF ROOM AND APPARATUS.

The testing was done in a room 10 ft. 6 in. (4.6 m.) square.

The ceiling was adjustable as to height and was used at 9 ft.

(2.7 m.). It was constructed of white bleached muslin,

stretched over a frame. The walls were covered with a lusterless

black calico in one test and with light paper in the other. A
table near one side of the room, together with a chair for the

observer, comprised the furniture. The general illumination was

obtained from lighting units in wall boxes, one on each side of

the room. These boxes are 10 in. by 10 in. by 4 ft. (25 cm. by 25

cm. by 122 cm.), are adjustable up and down and, to give the

most uniform intensity on the ceiling, were placed 3 ft. 10 in.

(1.2 m.) below it. Each of the four boxes contain five lamps

ranging from 15 to 100 watts. A show-window type reflector was
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used. The lamps were arranged on five circuits, each circuit

carrying in parallel the lamps of the same size, in the four boxes.

The localized illumination was obtained from a portable lamp

on the table. It consists of a rectangular box lined with white

blotting paper, as shown in Fig. i, and having an under surface

of ground glass. The box contains five lamps of wattages rang-

ing from seven and one-half to forty, each lamp on a separate

circuit. The ground glass is lo in. by 14 in. (25.9 cm. by 35.6

cm.) and is 14 in. (35.6 cm.) above the table. In Fig. i is shown

the location of the table, the observer's chair and the wall boxes.

The location of the book which centered the attention of the

observer was on the table in front of the lamp as shown by the X
in Fig. I. The observer sits on one side of the room and faces

toward the center.

DESCRIPTION OF THE TEST

The purpose of the test was to determine the proportions of

localized and general light that would give the most satisfactory

illumination for a person who is reading, but who is also mindful

of his surroundings. By ''localized" lighting is meant the light

from a near-by source that distributes its flux directly upon the

working plane; it may be more or less diffused. By ''general"

lighting is here meant the light from concealed sources which is

reflected to the ceiling and which diffuses the light to a marked

degree. This lighting was further designed to maintain a fairly

uniform degree of brightness over the whole ceiling.

With the two separate systems, it is possible to keep the inten-

sity of illumination on the working plane constant and to obtain

any proportions of localized and general light wanted. This was

done by changing both the number of lamps used and the voltage

on the lamps. The change in color was not noticeable.

The test was arranged in three series for three different inten-

sities or brightness levels. The values of illumination used on the

working plane were 2-, 4- and 6-foot-candles respectively.

Each series comprised ten transition steps in passing from all

general to all localized light. The intensities from the localized

and general light sources were separately determined by means of

a Macbeth illuminometer. A table was then constructed in which

the circuits and voltages required for each step in the series were
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tabulated. Each step was numbered, the steps for all general

light being No. i, and that for all localized, No. lo.

One hundred observers passed their judgments upon each series

and noted the proportions of localized and general light that

suited them best.

The most important of the possible variations of the test was

considered to be the use of light walls in place of dark. While

the time did not suffice to repeat the whole series of observers for

this case, a test covering ten of them was run to ascertain

whether any notable difference was observable. The walls were

covered with a very light yellow wall paper down to a height of

3 ft. (91 cm.) from the floor.

METHOD OF PROCEDURE.

The observers were taken through the series of tests one at a

time. The same explanation and instructions were given to each

and were in substance as follows

:

We are trying to determine the proportions of general and localized

light that will give the best results for living-room conditions. The con-

ditions assumed are that the light affords comfortable reading and at the

same time makes the surroundings pleasant. We obtain the general light

from the side wall boxes and the localized light from the reading lamp.

We start out with all general light and gradually change towards all local-

ized light, keeping the illumination on the booklet constant, and only vary-

ing the proportions of the light from the two sources. We want you to

pick out the step in the series that suits you best for living room illumina-

tion. The changes will be gradual and probably you will not be able to note

much change from one step to the next. However, note whether each step

is better or worse than the preceding step and use this as a basis for mak-

ing your decisions. We will pass through the steps rather rapidly, and

you need not do any reading, but merely glance at the paper and see

whether or not the reading conditions are good, then glance around the

room, including the ceiling in your vision, and note the pleasantness of the

surroundings.

After a test had been carried through in accordance with these

instructions and the observer had indicated his preference, the

order of procedure was reversed and the observer again made his

selection with a condition of increasing general light. In this

way any prejudice due to the direction of change was eliminated.

Only four steps were used in this part of the test.
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DATA AND RESULTS.

Table T shows the data and computed results for the ten ob-

servers who were tried both with the dark and with the light

walls. Their cases are given as typical of the data obtained from

all of the observers.

Table II shows, for dark walls and for all of the one-hundred

persons tested, the number of observers that preferred each given

percentage of direct light. The number of men observers for

each percentage is also given. These data are shown graphically

in the three curves of Fig. 2. In these curves the percentages of

the illumination on the working plane, that were obtained from

the direct light source, are used as ordinates, while each hori-

zontal line indicates by its length or number of divisions, the num-
ber of observers who preferred the corresponding proportion of

direct light. The two horizontal lines show the location of the

arithmetical mean of the observations and of the maximum points

of the curves of Fig. 3 as explained below.

Fig. 3 shows the same data in a somewhat different way; the

number of observers preferring each percentage of direct light

are here used as ordinates, and a smooth curve plotted. This

curve resembles the so-called "probability curve" as used in con-

nection with statistics and errors of observation. The vertical

lines show the arithmetical means for the three cases. It is in-

teresting to note that the maxima of these curves come so close to

the arithmetical means. While in the case of the regular prob-

ability curve its maximum should coincide with the mean value if

the number of observers were large enough, it does not appear

that this would necessarily hold in the present tests, where a

determination of personal opinions rather than of an exact physi-

cal quantity is being made. The effect on this point of the seven

observers who preferred entire general lighting in the 2-foot-

candle case may be noted.

The form of a probability curve is an indication of conditions

under which the observations were made. The narrower and

steeper the curve, the more favorable the conditions of observa-

tion or the more accurate the means of measurement. It is,

therefore, interesting to note that the lower the intensity of illum-

ination the steeper does the curve become. Also the points lie
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better on the curve for the lower intensity. This difference

could not have been due to longer experience, as the 2-foot-

candle test w2iS made first and w^as follow^ed immediately by the

others.

TABI,E II.—Number of Observers Choosing Each Percentage of Direct
Illumination. For Dark Walls and for all of the 100 Observers.

Number of observers

Percentage of local illumination
2

foot-candle
4

foot-candle
6

foot-candle

Total Men Total Men Total Men

ofo 7 3 2 I I

6 I I

12 3 3 I 3 2

I7>^ 4 2 2 2

23 2 I 6 6 II 9
2sy^ 7 5 17 13 6 6

34 9 6 9 7 II 5

39/2 13 9 II 7 17 13

45 22 9 18 14 13 9
5o>^ 14 8 12 8 14 10

56 12 10 6 5 8 6

61^ 6 3 8 2 4 I

67 2 2 2 I 6 4
72^ 3 2 3 3 I I

78 3 3

TABLE III.—Summary of Resui,ts for 100 Observers on
Dark Wai.i.s.

Illumination on
the working

Arithmetical mean of decisions
as to preferred per cent, of

local illumination

Maximum of
"Probability"

curve Percent, of observ-

ers preferring
plane in

foot-candles For all
observers

For men
observers

For all

observers

given intensity

2

4

6

41.9%

40.5

42.3

43.4%

40.2

42.3

45 fo

43

42

15%

56

29

Average 41.6 42.0 43-3

Table III gives the mean values of the observations for the

different cases and likewise the maximum points of the "prob-
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ability" curves. Here also are given the preferences of the ob-

server for the different intensities of illumination used. These

last data, while not related to the principal investigation were

obtained incidentally. This table shows that there is no im-

portant difference between the preferences of the men and

women tested.

Table IV gives the brightness of the two-light sources, namely

the ceiling and the diffusing glass of the portable corresponding

to each foot-candle intensity on the working plane. Of these the

TABLE IV.—Brightness of Light-Sources for the Preferred
Proportions of Direct and Indirect Light.

Foot-
candles

on

Apparent
foot-candles

Candle power
per sq. ft.

Millilamberts

itio

of

ig

foot-

es

to

foot-

dies

on

ng

plane

working
plane Portable Ceiling Portable Ceiling Portable Ceiling

2

4

6

27.0

46.0

65.0

5.8

10.6

14.9

8.6

14.6

20.6

1.8

3.4

4-7

29

49-3

69-3

6.1

II-5

15.8

2.9

2.6

2.5

former is much the more important, and the approximate con-

stancy of the ratio of its brightness to that on the working sur-

face is interesting. Whether the decrease in this ratio with in-

crease of intensity on the w^orking plane is significant or not there

is probably not enough data to determine, but it seems not unlikely

that such a decrease would exist.

While some idea of the agreement between the preferred per-

centage of particular individuals corresponding to the different

foot-candle intensities may be obtained from the data of Table I,

the curves of Fig. 4 give information on this point for the whole

group of one hundred. The ordinates of curve "A" give differ-

ences in percentage between the 4-foot-candle and the 2-foot-

candle preferences, while those of curve "B" give differences be-

tween the 6-foot-candle and the 4-foot-candle preferences. As in

Fig. 2, the horizontal portions give the numbers of observers

showing each difference. Thus from curve A, there were

eighteen observers who preferred the same percentage of direct

light for both the 2- and the 4-foot-candle intensities and thirteen

who wanted 53^ per cent, more direct light in the 4-foot-candle
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test than in the 2-foot-candle one, but only ten who wanted 5J/2

per cent. less. It will be noted from these curves that 75 per cent,

of the observers came within a difference of 11 per cent, plus or

Differences /n Percentages

ofDirect L/g/if

(Preferred tess d/rect) (Preferredmore d/rect)
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Fig. 4.—Showing differences between percentages of direct light preferred by each

observer for the different foot-candle intensities. The length of each hori-

zontal portion gives the number of observers having the corresponding differ-

ence between their preferred percentages.

Each horizontal division represents lo observers choosing the same difference

in percentage of local light.

Curve A—for 4 and 2 foot-candles.

Curve B—for 6 and 4 foot-candles.

minus, between their preferences for the 4- and 2-foot-candle

cases and 83 per cent, for the cases of 6- and 4-foot-candle; in this

latter case also, 26 per cent, called for the same per cent, of direct

light for both intensities.

Table V gives the results of the brief preliminary test on the

effect of changing the color of the walls from dark to light. The
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results of this test make it very probable that on the average the

color of the walls makes no important difference in the preferred

proportions of localized and general lighting. What differences,

if any, might result from changes in arrangements, furnishings,

size of room, or other conditions were not investigated.

TABLE v.—Preliminary Test with Ten Observers Using Both
Dark and Light Wai^IvS.

Mean for 100

observers with

dark walls

from Table IV.

Preferred per cent, of local light

Foot-candles

on working plane
Mean of ten observers

Dark walls lyight walls

2

4

6

41.9

40.5

42.3

45.5

42.8

43-3

42.2

42.3

44.4

Average 41.6 43-9 43-3

SUMMARY.

The conditions of the test were as follows : The test took place

in a small room with a white ceiling and very simple dark colored

furnishing. The general lighting was obtained entirely by reflec-

tion. The localized lighting was from a table lamp with opaque

reflector and diffusing glass. One hundred observers expressed

their preference upon which and for the conditions described,

the following conclusions are drawn.

1. With light ceiling and dark walls and throughout a range of

foot-candle intensities on the work from two to six, about 40

per cent, of localized and 60 per cent, of general lighting is

preferred.

2. Within the above range, this ratio is not materially affected

by the intensity of illumination upon the working plane.

3. This ratio is approximately the same for men and women.

4. Changing the walls to a light color does not greatly affect

this ratio.

5. For the above preferred proportions of direct and indirect

light and with dark walls, the ratio of the brightness of the ceiling

to that on the working plane lies between 2^ and 3.
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DISCUSSIONS.

A. H. Munsell: A closely allied problem needs the same

careful attention, one that has occupied my attention for several

years. Assuming that the proportions of a localized and general

lighting have been well established for lighting a certain page

of type ; and that this meets the conditions of the library, there

still remains the question of lighting any pictures that may have

been hung from the walls of that room ; and for which these

proportions are not happy. Since pictures have been produced

in studio daylight, they will appear to best advantage if some-

thing approximating that light can be produced artificially. The
three factors being:

(i) Quantity of light.

(2) Color of Hght.

(3) Direction of light.

Failure in any of these qualities will bring a less favorable

emphasis to bear upon the "chromatic composition" of the paint-

ing ; and since pictures are hung from the walls to bring pleasure

to us and to our friends, they will fail in that function in pro-

portion as they miss the conditions of studio daylight.

If appropriate at this time, I wish the question might be raised

of having two forms of artificial illumination for the library.

The first is already defined by this paper ; and a second is such

as will bring out the best qualities of paintings produced in studio

daylight. Those with large collections of painting are very apt

to build a special gallery with a special light; but by far the

majority of us who own paintings must place them upon the

walls of our homes and encounter this difficult problem, which is

not solved by the conditions of a good reading light.

F. C. Caldwell : In reference to the remarks of Mr. Munsell,

the new daylight incandescent lamps would seem to solve the

color problem in the case of paintings, in a very satisfactory way.

These lamps are already being used for living-room illumination

with excellent results. The providing of local lighting for paint-

ings has the objection, especially in private libraries, that the

lighting fixtures are likely to be unpleasantly conspicuous if the

light is placed far enough from the painting to give satisfactory
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results. If such local illumination is to be used, however, the

method adopted in our paper could probably be applied, though

it is doubtful whether as consistent results would be obtained

as were found in our tests.

O. L. Johnson: Professor Caldwell's paper certainly shows

a step forward in investigation of illumination problems. I am
sorry that he has not gone further and made some tests on the

preferred proportions, as it applies to factory lighting. It would

be interesting to know what effect might be obtained, on both

horizontal and vertical surface, when bare lamps are used for

local lighting as they are in a great many places.

I agree heartily with the statement, that a pleased workman

means more output, but I am not convinced that the pleased or

cheerful workman is always one who has the localized lighting.

I am a strong believer in General Illumination for factory pur-

poses. Localized lighting in machine shops, for instance, should

not be allowed. The more cheerful workman is certainly going

to be the better workman, because he can properly see his work,

and I believe it is possible for the system ot general illumination,

to be so designed, that the operator will be much more pleased

and much more cheerful, because of the much more pleasant

appearance of the room. I am certain that if a man has a bright

light in front of him and turns to walk away from his work,

stumbling over a box or other construction, thus hurting himself,

that he is not going to be a very cheerful worker, and his out-

put is certainly going to be curtailed.

The system of lighting which enables operators to see their

work at the same time provides sufficient illumination, so that

he might also see any construction that might be in the aisles,

thus avoiding a great many accidents.

I sincerely believe a system of general illumination is the proper

one, both from the standpoint of the employer and the employee.

J. R. Cravath : The localized lighting as described by Pro-

fessor Caldwell here with its diffusing glass between the source

and the page, was, as has been pointed out, quite different from

what we have in practice in a great majority of cases. That is

the localized lighting was practically localized diffused lighting.
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In reading on any ordinary paper or working on polished metal

in industrial plants one might expect that this kind of localized

diffused light might be much more satisfactory than the kind

we ordinarily get.

I have been considerably interested in noticing the instructions

given here to the observers, as indicating the exact conditions

under which the test was made. I take it if the instructions were

carried out not a great deal of attention was given to the actual

lighting conditions, for continuous work but more to the general

effect.

The results here shown are very interesting and valuable be-

cause they show quite decisively what the majority opinion is

on this question of relative proportions of general and localized

lighting based on general impressions. The majority evidently

have tastes somewhere between certain artists and architects

who are strong on localized light for living rooms and those

who want nothing but general lighting.

F. C. Cai^dwEIvIv : Referring to Mr. Johnson's remarks, we
hope to carry the tests further, for, as indicated in the paper,

we have only scratched the surface of the problem. We are

particularly well fixed for this kind of test. There are not

many places, except in a college, where you can call in so many
people and get them to put a half-hour on a test of this sort.

Some kind of a direct or semi-indirect fixture in place of the

total indirect would be one of the next things which should be

taken up.

In regard to factory lighting, for ordinary intensities, say up

to 6 or 8 foot-candles, the best results will usually be obtained

from general illumination. There are special cases where bench

work even for these intensities can well be supplied with local

light. For extra high intensities, say 15 to 20 foot-candles, or

above, we usually have to depend upon local illumination for a

part of the light. The kind of lighting that Mr. Johnson men-

tioned with bare lamps in the face of the workmen, we can all

condemn without qualification.

Answering Mr. Cravath; the idea was distinctly the obtaining

of the most comfortable and satisfactory rather than the least

fatiguing reading conditions. To have based the results on the

3
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least fatiguing reading conditions would have taken very much

more time.

With regard to specular reflection from the paper, it would

seem very difficult to specify a specular reflection for the pur-

poses of the test, and furthermore, illumination which would

give such reflection could not be considered as representing good

practice. Even with bare filaments, it is usually possible to so

locate the lamp relatively to the work that specular reflection

is negligible.

With regard to the form of the portable ; here again the effort

was to get conditions which could be definitely specified and re-

produced. If the portable used W3re of a dark shade of colored

glass, the results would probably be practically the same as with

the opaque reflector. A highly translucent glass reflector would

doubtless give very different effects. In the beginning of the

paper I mentioned the fact that the subject was suggested by

Mr. L. B. Marks ; as I recall the case he mentioned in connection

with the problem was one that he had designed where high in-

tensity was called for by bookkeepers in a bank. He obtained

it by the use of combined ceiling lighting and local lighting,

the latter obtained by a special fixture with an opaque reflector

placed in front of the bookkeepers so that no light from the

fixture directly reached their eyes. In other words that particular

case was practically the same thing as we had; one would also

get the same effect from many portable fixtures.

G. H. Stickney: Before discussing the subject matter, I

would like to compliment the authors on their broad-minded atti-

tude toward their investigation. Their warning as to the danger

of generalization is in contrast to a marked tendency among in-

vestigators to draw sweeping conclusions from particular data.

Taking up the test itself—it would appear that the judgment

of an observer was based partly upon the appearance of the

printed page and partly upon the general effect—but that there

was no indication as to the weight which was placed upon each

factor. It would seem to me that the results would be still

more valuable if these two elements were differentiated and

also if the test included actual serious reading. The time and
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expense necessary for securing such additional data may have
rendered such a course prohibitive.

Since the intensity on the test sheet was maintained constant

for the various steps from local to general illumination, it would
necessarily follow that the amount of light in all other parts of

the room would increase with the percentage of general illumina-

tion. In so far as judgments were based upon the general effect

in the room, it would seem to me that this would tend to favor

the general illumination, while it might react slightly in the other

direction as regards reading value.

In this connection I am merely raising a question, which em-
phasizes my thought as to the desirability of more data to permit

a segregation of the criteria.

Have the authors given any consideration to the effect of

variation in the characteristics or location of the local lamp?

Can they say whether or not such variation would have any

marked effect on their results?

I am a little surprised not to find an indication in favor of

localized lighting in the dark-walled room and a corresponding

tendency in favor of general lighting in the light-finished room.

While I have made no laboratory tests along this line, my ob-

servation and experience in practical lighting have seemed to

agree with the conclusion that for the most pleasing effect, light-

finished rooms require relatively high illumination on the walls,

while dark-finished rooms should have a relatively low wall

illumination.

The test in general seems to be a very practicable one, and

it is to be hoped that these other experimenters will carry on

similar investigations on other factors and from all viewpoints.

I want to congratulate the authors on the way they have

presented this question. After several years experience as

Chairman of your Committee on Papers in the Society I began

to think that every time a man made a test of a particular

condition he wanted to generalize from it. I find here that

the authors in their introduction called attention to the danger

of generalizing from the result. As I understand the test,

they really used two criteria; that is, glancing at a piece of

printed matter and then glancing around the room. They did
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not do serious reading. They just simply glanced at some-

thing and then they glanced around the room. Now, I am
wondering how much of each of those elements influenced choice.

Undoubtedly, it is quite different with different observers, but

I have been wondering if it might not be interesting to separate

those two and perhaps introduce the third, of reading for a

period. Of course, I realize that involves considerable of an

effort. Now, there is one other thought that occurred to me. Sup-

posing we consider particularly the criterion of glancing around

the room to see how pleasant it was. Now, as I understand it, the

intensity was held constant on the reading matter. Then, as you

go from local to general light, the general level of illumination in

the room advances; that is, in order to maintain the constant in-

tensity on the table in going from one condition of light into the

other, the general intensity in the room must be elevated a good

deal. I do not know what it means. I do not know quite how
to interpret what they would do. If they are judging it from

the back of the room, a person who likes a brightly lighted room

would be rather inclined to favor the general illumination and

I am not sure but the person who was—if a person was form-

ing a judgment based on the reading, on serious reading, would

have been inclined to have gone a little further towards the

local because it extended over a period of time it was quite

possible more eye rest might have been obtained with the low

general illumination when glancing up from the paper. I am
not advancing any particular theory on it. I am only raising

the question and asking. I would like to ask the authors if they

have any interpretation to put on that. Then, I am wonder-

ing whether a different location of the table lamp—I think the

author used the most common location of the table lamp and

yet if I were selecting the most desirable to read, I think I

would have made sure that there could not possibly have been

a direct surface reflection from the paper. Now, I am not

questioning that they have done well in selecting that location,

but I am wondering if the result might not have been possibly

different with a different location of the material to be read.

Now, I have never made any observations on the laboratory

basis on this sort of thing, but I have made a great many ob-

servations of the lighting of living rooms, and have drawn a
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general conclusion that in a high-wall room we would like to

have considerable light on the walls for esthetic reasons; that

is, to make the room itself as a whole appear pleasant. If we
are called upon to light a dark-wall room in a den, I have

always thought of the different things. Then I like to keep

the light off the walls and off the ceiling, and make what you
call a cozy effect. It always seemed more pleasant for the dark

walls not to have much light on the walls. I do not know why
it is, but I think the experience of those who have been work-

ing on actual installations do find that, and I am rather sur-

prised that the results do not show something more in favor of

the localized lighting in dark rooms, and of general lighting in

light-wall rooms.

Ward Harrison : In judging illumination intensities we are

accustomed to consider errors of 5 or 10 per cent, as relatively

small. This fact lends double significance to the selection of

between 41 and 45 per cent, by the maximum number of ob-

servers in these tests as representing the most satisfactory pro-

portions of localized and general lighting. At the same time from

the standpoint of practical application the result can scarcely be

termed a "happy" one. If 90 per cent, local and 10 per cent,

general lighting were most desired, the choice would at least have

the merit of saving some current or if, on the other hand, all

general lighting were selected the necessity for using individual

lamps with their attendant inconvenience, installation expense,

and maintenance would be eliminated. Actually the preferred

proportions are such that if followed out the saving in energy

consumption over an entirely general system would be nil and

at the same time the full equipment of local lamps would have

to be provided. Prof. Caldwell pointed out that as the general

brightness level was raised in these tests the curves become less

steep, that is the preference for any particular proportion of

local lighting was somewhat less marked. It would be interest-

ing to determine whether if an intensity of 50 foot-candles were

used as the basis, the preference for 40 per cent, local lighting

would still persist or whether under these conditions the observer

would cease to care where the light came from. To put the

matter another way, do not these tests, calling as they do for a
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preponderance of general illumination, permit us to regard the

desire for a local lamp as a physiological factor which comes

into evidence at those brightness levels v^^hich we are accustomed

to associate with artificial illumination and which would dis-

appear under daylight conditions?

W. R. MoTT : I think that this is a splendid paper. Of special

interest to me, is the increasing importance of all diffused general

lighting at decreasing intensities. At very low intensities as in

the dark photographic rooms of the Eastman Kodak Co., all in-

direct (red) lighting (arranged by Dr. Meas) has been found the

best. (The glare danger, and discomfort with local lighting is

most serious at the low intensities necessary in working with

sensitive photographic paper.) The same advantage of indirect

lighting at low intensities is shown in the beautifully lighted

tunnel entering Nela Park.

The reason for the special value of 40 per cent, local to 60 per

cent, general diffused lighting may lie in an unusual power of per-

ceiving useful and pleasing shadows in these proportions. All

such effects are practically lost with diffused general lighting

without some material local lighting. (All local lighting gives

harsh black shadows. The happy medium is a suitable com-

bination giving pleasing helpful luminous shadows so well under-

stood by photographers.)

P. W. Cobb : The paper has been very interesting to me. The

illuminating world, ever since I entered it, has been in search of

a valid criterion by which an illuminating system could be judged.

We have several tentative criteria. For example, in the work

now under discussion the visibility of objects in the working

plane might have been investigated. The results so obtained

would not, however, give us any clue as to what the hygienic

effect of that particular light-distribution would be, no idea of

what degree of fatigue might follow its prolonged use.

If we seek information upon this point, we are driven to

measure visibility, in one of its phases, under the different test

conditions; or we may do as the authors have done, and let the

subject sit or work under the various conditions and indicate his

preference. Such a preference, however, might be based upon
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the degree of comfort or discomfort immediately experienced or
anticipated; or it might be based on the subject's estimate of the
esthetic value of the various distributions—simply a decision
as to which is the most pleasing to him in view of his individual
taste, experience and education.

I was interested to notice that the old law, Weber's law,

crops out in this work where it seems to apply as well as in

the case of earlier and more exact researches in sense- physiology.

Weber's law states that the least noticeable increase of a stimulus

is a constant fraction of that stimulus. In other words, the error

in estimating equality, as is well known in photometry, is not a

constant error, but it is a constant fraction of the quantities

equated. If we enlarge upon this a little, it leads to the con-

clusion that as far as vision is concerned (or the other senses, for

that matter) it is proportionately of the stimuli rather than their

absolute value which is mainly concerned. With the same dis-

tribution of light, a room looks much the same in spite of wide

differences in the total flux of light, just as a piece of music

sounds the same at different distances from the piano.

I notice in the work under discussion that in general the pre-

ferred condition is that in which the illumination upon the reading

surface bears a constant ratio to the general illumination, inde-

pendent of the absolute values of these. Of course, in drawing

such a conclusion we cannot compare conditions involving light

walls with those involving dark walls, for two reasons. First,

that under equal illumination the stimulus value of the latter

(their brightness) is lower, and the physiological result is differ-

ent, and second (and more important) the change probably

brings about a complete alteration in the esthetic value of the

combination, upon which the results no doubt largely depend.

F. C. Cai^dwDLL : Replying to Mr. Stickney, Dr. Cobb's state-

ment of the matter represents the conditions pretty closely; that

is, it was really an esthetic judgment that we sought. The test

w^as not long enough to bring in the element of fatigue at all.

In other words, we asked the observer which illumination they

liked best ; which was the most pleasant for them.

As to whether we should have obtained any different result if

the light had been at one side instead of in front, that is a mat-
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ter which might well be investigated. I doubt if we should get a

difference that would be of any importance. We were careful to

select paper which had no appreciable glare.

With regard to the use of very high intensities, we have no

further data upon it. I should suppose that with very high in-

tensities the tendency would be to prefer more of the light from a

local source; and not to have the ceiling so brilliantly lighted.

As regards the question of the application of the results, there

are certainly many cases where the working conditions would

favor entire general illumination. For instance, in the case of

mill or factory lighting, except perhaps where very high inten-

sities are necessary, general illumination is certainly to be pre-

ferred from the practical point of view. On the other hand, for

the cases for which this paper was prepared, for example the case

of the living room, there would not be the same objections to

combined lighting. At the Chicago section the other day one of

the audience expressed his surprise at the fact that we got the

same results from men and women. His experience had been

that the women were in general much more favorable to general

illumination than the men.



BieNFORD: AN INTEGRATING HEMISPHERE 323

AN INTEGRATING HEMISPHERE *

BY F. A. BENFORD, JR.

Synopsis: During the work of developing the compensating screen

described in a previous paper, the calibration of the instrument required

the use of only one of the hemispherical halves of the integrating sphere.

This suggested the permanent use of a hemisphere such as is described in

this paper. The sphere is well established as a photometric instrument and

the theories of the two instruments are compared to show that the hemi-

sphere has certain theoretical advantages, and the tests that have been

completed confirm the calculated data.

It was found necessary to correct for the lack of pure diffusion by the

sphere paint and the means of making this correction is described along

with the absorption effects of the test unit in both sphere and hemisphere.

Purpose of Investigation.

There are theoretical grounds for believing that a hemisphere

with a white diffusing inner surface may be used for a wide range

of photometric work. It is the purpose of this investigation to

examine the theory of the hemisphere in comparison with the

theory of the integrating sphere, now so widely used, and to in-

clude some laboratory test data on the relative merits of the two

instruments. As is well known, the integrating sphere does not

give reliable data when the test unit is relatively large in com-

parison with the sphere, or when the unit has a large light absorb-

ing capacity. Thus, no dependance could be placed upon photo-

metric measurements on a 20 centimeter metal reflector, green

on the outside, when photometered in a i -meter sphere. A
great many commercial units are larger than this, and it is neces-

sary to use a 2-meter sphere for their measurement, and even

with this large instrument there is considerable chance of integra-

tion errors.

* A paper prepared for the 1916-17 Correspondence Convention of the Illuminating
Engineering Society.
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Proposed Uses of Hemisphere.

The theories of the two instruments indicate that a i -meter

hemisphere, equipped with the compensating screen described in

a previous paper^ has an advantage in accuracy over the 2-

meter sphere with the usual three-screen arrangement, and there

is further the great possibility of photometering a projecting unit

such as an arc searchlight, a flood lighter, or a spot light. This

will be recognized as a departure from the usual integration where

the test unit is actually within the instrument and there is always

an "absorption factor" that is not taken care of by the compen-

sating screen, and there seems to be no possibility of totally elim-

inating it in the complete sphere.

C1.ASSIFICAT10N OF I^iGHTiNG Units.

All lighting units may be roughly divided into two groups, dis-

tributing and projecting. There is no sharp dividing line between

the two, and often the particular use to which the unit is put

must determine its classification. The photometry of these two

types is carried out in different manners by the hemisphere and

the details of the two methods call for separate investigation.

Theoreticai. Justification.

The work so far done on the hemisphere has as its justification

the theoretical performance of the two integrators, and for this

reason the two theories are gone into rather fully in connection

with the experimental data. The theory of the hemisphere is

attacked by a "step by step" method that has proven useful in

many ways. The test data included in the latter part of the

report show to what extent the mathematical deductions are up-

held.

Ideai. Sphere.

Before attempting to form the equations of the integrating

sphere it is customary to assume certain ideal conditions. This

simplified the mathematical work and leads to really useful re-

sults, providing that these assumptions are not forgotten when the

1 Benford, Frank A., Jr. The integrating sphere and a new type of compensating
screen. Trans. I. E. S., Vol. IX, 1916, p. 997.
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theory is put to practical use. The theory of the hemisphere is

Hmited by identical simplifications, and thus a comparison between

the two is fair to both.

Paint Characteristics.

The paint used on the photometric surface of the sphere should

be a perfect diffuser. Such a surface would appear equally bright

in all directions, and the direction of incident light would have no

effect on its brightness, providing the illumination is kept constant.

This degree of diffusion is not attainable, and the slight specular

action of the sphere paint leads to some interesting results. The
brightness of a diffusing surface decreases when viewed near the

grazing angle and we might expect that the portions of the sphere

near the observing window would appear less bright. Tests have

shown that the brightness is very close to uniform when the initial

illumination is equal at all points and comes from a source at the

exact center of the sphere. The explanation of this is found in

the fact that at low angles of incidence the paint becomes more

specular in its action and its coefficient of reflection rises. There

is thus a tendency for light that has once been reflected at near

grazing incidence to keep at this angle in all the following reflec-

tions. The slightly increased coefficient at the high angles also

assists in increasing the brightness near the observing window.

Paint that shows a decrease of 15 per cent, in brightness near the

grazing angle under normal illumination will be equally bright at

all angles when illuminated by the multiple reflections within a

sphere. For practical purposes the sphere paint may then be said

to be a perfect diffuser after the first reflection. It will be shown

later that in the hemisphere this self-correcting action does not

take place to such a complete extent, and some correcting device

becomes a necessity.

Foreign Bodies.

The usual spherical test methods call for five foreign bodies

within the sphere. There are the standard lamp, the test unit, a

large screen for the test unit, a medium sized screen for the

standard lamp, and a small screen between the two light sources.

The amount of light absorbed by each body depends upon its

area, its coefficient of absorption and its illumination. The ilium-
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ination, outside of direct light from the two lamps, depends upon

the distribution of brightness on the sphere walls and the relative

position of the body with respect to the areas of high and low

brightness. There is also interception and reflection of light be-

tween the five bodies, and the calculation of the true absorption

of the foreign bodies is entirely beyond ordinary mathematical

methods. This is the reason for assuming a uniform illumination

and brightness over the entire surface of the sphere and for

neglecting the interaction of light between the units.

Symboi^s.

Let S be the area of the sphere, in square centimeters.

Let A be the area of the foreign body in square centimeters.

Let K be the coefficient of reflection of the sphere surface.

Let a^ be the coefficient of absorption of the foreign body.

E^^ECT OF Light Source on Brightness.

The light source cannot be said to absorb any direct light, and

the brightness of a sphere containing a source giving F lumens

and having an area A and a coefficient of absorption a^ is

When the light source is very small the brightness becomes

practically that of an empty sphere, or

B = -^ ~ lamberts (2)

By combining the two equations the effect of the light

absorbing body on the brightness of the sphere can be determined.

I — K
^s = - 7 T— numeric (3)

The value of R^ are plotted in Fig. i for various values of A
and Oj. It is ordinarily not good practice to photometer a unit

that is large enough to cause as large absorptions as are plotted.

The relation between R^ and the probable error is not a simple

one and it is influenced by factors not mentioned or considered

here. As a rule, however the size of the probable error will be
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proportioned to R^ and it is later demonstrated both by calculation

and test that R^ for the hemisphere is only a fraction of the values

of R^ for the sphere, and greater accuracy may be expected from

the former instrument. There is one peculiar feature that shows

the futility of doing more than generalizing on the theory of the
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sphere. The theory as outlined shows no reason why the accuracy

should be effected by the size of the unit. Experience teaches

different, and seems to point to the accuracy varying as the area

of the instrument and the area is directly related to the values

of R,.

Accuracy and Coefficient of Refi^ection.

Direct comparisons of this nature may only be made between

spheres having the same coefficients of reflection. The percentage
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decrease is greater when the sphere surface has a high coefficient

than when it has a low coefficient, but there are other things to be

considered that make it seem probable that the higher coefficient

of reflection will always give the best results. The greatest source

of trouble in spherical photometry arises from variations in

illumination in different parts of the sphere. The reflected light

tends to wash out all variations and make the illumination equal

in all parts. The amount of reflected light increases very rapidly

with the increase of coefficient and for this reason, a high

coefficient is to be preferred.

I^iMiTiNG Conditions to Sphere.

The history of the integrating sphere shows that that instru-

ment has been constantly increasing in size from the date of its

invention. This growth is a direct result of the higher accuracy

now demanded in all photometry, and the testing of units of a

more complicated nature. The test unit must be accepted as it

stands and the only way of decreasing the relative size of the unit

is to increase the size of the sphere. Spheres 2 meters or more

in diameter, are getting to be fairly common but even with these

instruments that are reaching the limit of accommodation in an

ordinary room, it is not possible to photometer some commercial

units with certainty. There are common lighting devices, such as

spot lights, searchlights, headlights, and projection equipment in

general, that are entirely outside of the sphere's field of useful-

ness. The question is, how can the light from the test unit be

included within the integrating instrument, and the unit itself,

with its disturbing action, be excluded ? The practical answer to

this is believed to be found in the integrating hemisphere.

History of Hemisphere.

It should be noted that this is not the first attempt to use a

hemisphere in spherical photometry. The hemisphere has been

used to determine the lower hemispherical flux from arc lamps.

The hemisphere when used for this purpose is mounted with its

opening upward, and the lamp is lowered into the hemisphere

until the light center is in the plane of the opening. This form

of integrator has not come into general use, probably because

there are two inherent sources of error that have not been over-

come in existing hemispherical photometers.
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Sources of Error.

The first source of error lies in the practical impossibility of

determining where the "light center" of some units is located.

A simple arc without globe or reflector has a fairly well defined

lighter center, and the angular position of the equator, or 90°

circle, may be accurately estimated. Such a source may be placed

so that the arc lies in the plane of the opening of the hemisphere,

and there is small room for doubt that only the true "lower

hemispherical flux" enters the instrument. However, if the arc

is equipped with a reflector it becomes very difficult to fix upon

the new light center. All that can be said with any degree of

certainty is that the light center of the combined arc and reflector

is between the two. In distribution photometry this difficulty is

largely overcome by working at a radius of perhaps 6 meters,

but a 6-meter radius hemisphere is out of the question and the

error in locating the light equator must be accepted as unavoid-

able. Needless to say, the present hemisphere with its half meter

radius, offers no solution of this difficulty.

The second cause of error in the hemispherical integrator arises

from the lack of pure diffusion by the sphere paint, and the lack

of uniform transmission at the reading window. The combined

effect of these two phenomena is to give the zones at the rim of

the hemisphere a higher constant than the zones nearer the win-

dow. As a result, the same amount of light in different parts of

the hemisphere will give different photometer readings. This

makes the constant of the hemisphere vary for different light

distributions, which is oJ?viously an unsatisfactory condition. The

compensating screen used in this experimental work is especially

designed to eliminate this source of trouble. By making all parts

of the hemisphere equally effective in getting light to the photom-

eter field it renders the hemisphere, or sphere, in which it is

used, almost totally independent of the distribution of light from

the source being measured.

Present Hemisphere.

The present hemisphere is set with the plane of its opening

in a vertical position, and the reading window is at the center or

point farthest removed from the opening. The compensating

screen is placed in front of the window as shown in Fig. 2. The
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test and comparison lamps are held so that their axes of sus-

pension (the rods holding the sockets) are exactly in the plane of

the opening. It is essential that this be so, but the axis of the

lamp itself may point in any direction whatever without altering

the photometric results. This feature is very useful, as it makes

it practicable to photometer side lighting reflectors and other

asymmetrical units. The methods of test will be discussed later

in connection with tests on various types of reflectors.

Departure; from Ide:al Condition.

It might seem at first thought that there would be very little

real difference between the optica^ phenomena of the sphere and

the hemisphere. This supposition would be fairly near the truth

if the various ideal conditions of both instruments were fulfilled,

but such is not the case. The points wherein the theoretical and

actual instruments differ must be investigated in detail to appre-

ciate how far conditions depart from the ideal.

Proportions of Dire:ct and Re:fi.e:cte:d Light.

It was noted in a previous paragraph that the sphere paint

corrects in part for its lack of perfect diffusion. The precise

manner of diffusion on the first reflection was not of extreme

importance, because the amount of well diffused light reflected

on the 2nd, 3rd, nth reflections was so much greater. In

the case of the hemisphere the amount of reflected light is always

less than the initial flux. At each reflection half of the light

escapes from the hemisphere, and even if the reflecting surface

has the greatest known coefficient, 0.931, the total illumination is

T I= 1-87 ^ Pbots (4)

of which Eo = :^y or over 53 per cent, is due to direct light
is,

alone.

The ratio of reflected light to direct light for the sphere and

hemisphere are tabulated below for steps of o.i in the coefficient

of reflection.
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Fig. 2.—Arrangement for photometering a headlight with the integrating hemisphere.

Calibrating lamp left in instrument to show its location.
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T>..:.i Reflected light
.L^CX %.1.\

( Direct light

K Sphere Hemisphere

O.I O.I I 0.05

0.2 0.25 O.II

0.3 0.43 0.18

0.4 0.67 0.25

0.5 1.00 0.33

0.6 1.50 0.43

0.7 2.33 0.54

0.8 4.00 0.67

0.9 9.00 0.82

I.O 1.00

Test Equipment.

The hemisphere used for this experimental work was part of

the I -meter sphere reported on in connection with the compen-
sating screen described in the 19 16 Transactions, with such

additions as were suggested by the wider field of usefulness of

the hemisphere.

Spot Cai,ibration.

Among the first tests made on the integrating hemisphere was a

determination of the effects of light striking different parts at

various angles of incidence. For this test a highly concentrated

filament lamp was mounted with a condensing lens so as to obtain

the maximum concentration of light. This projector was placed

on a portable tripod so that the spot of light thrown by it could

be moved to any part of the hemisphere, and the direction of

incidence could be altered as desired. The lighting equipment was
always kept out of the hemisphere, and precautions were taken to

eliminate stray light.

Three spot-calibrations were made, first by throwing the light

on the hemisphere in a normal direction, second by placing the

projector on the axis of the instrument and 1.5 meter from the

plane of the opening, and third, by moving the projector so that

the beam was kept parallel to the axis. This last condition

simulates conditions when photometering a projector placed a

long way from the hemisphere. The 1.5 meter position corres-

ponds to the location of a wide angle flood lighter, while the

central position is suitable for all distributing units.
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The spot of light from the condensing lens was 90 mm. in

diameter and at normal incidence covered an arc of 10° on the

hemisphere. The reduced photometer readings for various posi-

tions of the spot on the hemisphere are given below for the three

locations of the light source.

PhOTOMETEJR READINGS.

Angle on Hemisphere ... o 10° 20" 30" 40^*

Normal 0.330 0.993 1000 1.004 1-009

1.5 M 0.330 0.993 1-002 1.009 1016
Parallel 0.330 0.996 1.005 1.012 1.024

Angle on Hemisphere ... 50° 60** 70** 80° 90°

Normal 1.018 i.ooo 0.996 0.986 0.980

1.5 M 1.026 1.020 1.031 1,015 i.oio

Parallel 1.054 1065 1.076 1.064 i-o6o

The light at 0° strikes the back of the screen and reaches the

window only after reflection from both the screen and hemisphere.

The area of the screen is 1.3 per cent, of the hemispherical area.

It would be better if this screen were smaller. The present screen

is probably best suited for the 2-meter sphere, where the rela-

tive area would be only 0.3 per cent. In order to make compari-

sons easier the photometer readings were reduced so that the

normal reading was i.ooo at every angle. These values were

plotted, and smooth curves drawn giving results as follows

:

Comparative Photometejr Readings.

Angle on Hemisphere ... 10° 20° 30° 40°

Normal incidence loo.o loo.o loo.o loo.o loo.o

1.5 M position loo.o loo.o loo.o 100.2 100.6

Parallel beam loo.o loo.o 100.2 100.9 102.0

Angle on Hemisphere ... 50° 60° 70° 80° 90°
Normal incidence lOO.o loo.o loo.o lOo.o lOO.o

1.5 M position 101.2 101.9 102.7 103.5 104.4

Parallel beam 103.5 105.5 107.7 iio.i 112.7

Effect of Paint Characteristics.

An inspection of the above results shows that a photometric

test on a unit 1.5 m. from the opening of the hemisphere would

give results about 2 per cent, high; when testing a projector

at a long radius the results would be about 4 per cent, high, and

in both cases the photometric result would be influenced some-

what by the distribution of light within the hemisphere. This

is a new phase of the difficulty overcome by the compensating

screen but it is not to be corrected by the screen unless several



bejnford: an integrating hemisphere 333

different screens are made for the different positions of the test

unit. This would not be at all satisfactory because if a screen

were constructed to photometer a unit at 1.5 m. from the opening

it would not give exact readings on the calibration lamp. The use

of the present screen with calculated correction factors for

various positions of the test unit has not been seriously con-

sidered. These correction factors do not offer a real solution of

the difficulty because they cannot take into account the distri-

bution of light from the unit under test.

Correcting Device for Parali^ei. Light.

Practically all projection units give a beam of light that is

approximately symmetrical about the axis of the beam. Advan-

tage may be taken of this fact to secure a complete adjustment

for any point on the axis of the integrating instrument, and one

other point may be given a practically complete adjustment by

the same device.

The device adopted consists simply of six wedge-shaped vanes

made of black cardboard and arranged in a circle in front of the

opening of the hemisphere. The bases of the wedges are 0.5 m.

(the radius of the hemisphere) from the photometric axis, and

the points are turned in toward a common center. The compara-

tive photometric readings just given show that light coming

parallel to the axis gives readings 12.7 per cent, high when it

strikes at the edge of the hemisphere. The widths of the bases

of the wedges are so proportioned that they interrupt just suffi-

cient light to bring the photometric reading down to 100 at the

edge. The widths of the other sections of the wedges are pro-

portioned in like manner to make all points read 100 for equal

quantities of light. The calculations for the parallel light cor-

rection follow

:

L

Angle on Circum- Photometric Width of
hemisphere Radius ference reading Reduction single wedge

100.0
10° 0.089 m- 0.531 m. lOO.O
20° 0.173 1.092 100.2 0.002 0.4 mm,
30° 0.254 1.595 100.9 0.009 2.4

40° 0.327 2.058 102.0 0.020 6.9
50° 0.389 2.450 103.5 0.034 13.9
60° 0.440 2.770 105.5 0.052 24.0
70° 0.477 3.000 107.7 0.072 36.0
80° 0.500 3-142 1 10.

1

0.092 48.2
90° 0.508 3.193 1 12.7 O.I 13 60.1
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The action of this set of six wedges will be recognized as being

the opposite of the action of the compensating screen. The screen

collected light from the relatively least effective sections of the

hemisphere and brought all sections up to the effectiveness of the

90° zone. The wedges on the other hand bring all zones down to

the effectiveness of the o° zone where all positions on the axis

give equal readings without correction.

CORRKCTION FOR 1. 5 M. POSITION OF UnIT.

It cannot be assumed that because the constant of the hemi-

sphere has been reduced to equality at the two extreme lamp

positions (the maximum available range in the laboratory is

about 27 m., which approximates our hypothetical position at

infinity) all positions between will be in calibration. The 1.5 m.

position requires a reduction of 4.4 per cent, in the light from the

90° zone to the reading window. The amount of light intercepted

in the parallel beam is the same for all positions of the set of

wedges, but for short test distances the amount of light inter-

cepted falls off rapidly if the wedges are moved away from the

hemisphere. The light entering the hemisphere from the 1.5 m.

point is in the form of a cone with its base at the rim of the

hemisphere and its apex at the light source. The intensity of the

light in the outer layer of this cone should be reduced 4.4 per cent.

The problem of placing the wedges for any intermediate posi-

tion becomes complicated by the fact that the shadow of the

wedge is larger than the wedge itself, and the degree of enlarge-

ment varies with each position of source and wedge. By trial, it

has been found that when the wedges are 20 cm. out from the

plane of the opening, the required and actual reduction are as

follows

:

Angle Required reduction Actual reduction

90° 0.042 0.052

80° 0.034 0.040

70° 0.027 0.026

60° 0.019 0.020

50° 0.012 0.013

40° 0.006

30° 0.002

20°

10°



bknford: an integrating hejmisphere; 335

These calculations were carried out with the aid of Fig. 3 and

the following formula

:

DQ = R sin a
150

1 50 + R cos a
centimeters (5)

Fig- 3-

The width, Wq, of the wedges at radius DQ was obtained from

plotted values of radii and wedge width. The width of the

shadow is

TTT 150+ R cos a . ^ ...W = Wn ^— — centimeters (6)
150 X

and the reduction r, of the photometer reading due to the shadow

of width W in the illuminated zone a is

W
r = —-

—

: numeric (7)
27rR Sin a

The tabulated values of the reductions show a fair agreement

with the required reduction, and it will probably be found that

the instrument equipped with these wedges is nearly independent

of the distance to the projector or the distribution of the light

from the latter. This finished the design work on the hemisphere

as used for photometering projectors and probably brings the

inherent accuracy of the instrument well within the bound of

good photometric practice.
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2-Meter Hemisphere.

Plans have been made for equipping a 2-meter hemisphere

with a compensating screen and wedges, and in addition have an

iris shutter arranged in front of the instrument so that any

angular opening may be obtained. The i -meter hemisphere is

not large enough to give accurate angular dimensions at distances

necessary for some of the wide angle flood lighting units. To test

a 10° floodlighting unit for total flux it would have to be placed

within 5.72 m. of the photometer. This is too close for the

best results, but by using the 2-meter hemisphere a working

radius of 11.44 "^- ^i^l be available and relatively accurate work

can be done on flux determinations.

Location 01^ Distributing Unit and Its Ei^i^Ect.

The contemplated use of the hemisphere as an integrator for

distributing units involves placing the comparison lamp and test

units with their axes and light centers in the plane of the opening.

This places the unit half within the hemisphere and as a result

there occurs a rather novel and interesting phenomena. It will be

demonstrated shortly that the average illumination within the

hemisphere may be either increased or decreased, depending upon

the size, shape and reflecting properties of the unit. A test

unit, or other object, placed within a sphere invariably de-

creases the brightness, often to a very serious extent. The change

in brightness in the hemisphere will rarely exceed 5 per cent.,

either plus or minus, and will more ordinarily be only i or 2 per

cent.

Each symmetrical unit was tested for both absorption and

radiation and then rotated through 180° and tested again. The
average values were used. Unsymmetrical units were tested in

four positions 90° apart. The average of the 0° and 180° read-

ings were checked against the 90° and 270° readings. It is

necessary in practice to photometer every unit in two positions

180° apart whether it is supposed to be symmetrical or not. Very
few units were found to have even approximately the same light

flux in the two opposite hemispheres.

NoN Centrai. Position of Light Source.

In test work it is often necessary to have two light sources in
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the instrument at once, and only one can be in the center. In the

test work described later the test unit was placed about midway
between the center and top and the standard midway between
the center and bottom of the hemisphere. These positions were
determined upon after a test had shown that the photometer

readings were independent of the position of a bare lamp to

within 25 cm. of the edge. From the center to 20 cm. (= 0.4 R)
the photometer read 100. At 25 cm. it read 100.7. 'I'he units

were placed at the edge of the working range so as to use the

smallest size screen between them.

IdkaIv Case Assumed.

In developing the theory of the 'foreign body' in the hemisphere

the convention of assuming an ideal case has been adhered to.

Other approximations have been made as the occasion requires,

and the entire mathematical investigation is on an equal footing

with the theory of the 'foreign body' in a complete sphere.

Absorption of L,ight by Test Unit.

To determine the absorption of light by the test unit let us con-

sider an ideal case, where the hemisphere is evenly illuminated by

some source and the foreign body has the simplest possible form

and most easily investigated position. In Fig. 4 a spherical body

of radius r is shown located in the generating center of a hemi-

sphere of radius R. Assume for the time being that the body is

a perfect absorber. The opening of the hemisphere is always

masked with suitable black screens to absorb all light passing out

through the plane of the opening and also to exclude light from

outside sources. Viewed from any point in the zone AKD, the

foreign body will appear as a black disk against a black back-

ground; the body will therefore have absolutely no direct effect

upon the brightness of points within this zone.

From the point C, the body appears as a half disk concealing

an area of radius BA = 2r on the opposite hemisphere wall. The
size of the concealed area is

A = ^TT {2r) 2 = 2Trr^ sq. cm (8)

As the point of observation moves from C to D the concealed

area decreases until it reaches zero at the latter position.



338 TRANSACTIONS I. E. S. VOL. XIII, NO. 6, AUG. 30, I918

Let R be the radius of the hemisphere, in centimeters.

Let r be the radius of the foreign body in centimeters.

Let Bo be the initial brightness of the hemisphere in lamberts and

Let a be the plane angle measured from the axis OK.

B /=-

Fig. 4.

From any point, E, Fig. 4 the foreign body conceals an area

BFG = 81 r^ sin' a da sq. cm.

= 4 r- a— 2r^ sm 2a sq. cm. (9)
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The plane in which angle a, Fig. 4, is measured is at right angles

to the plane of the paper.

The illumination of the zone EE' on the hemisphere is then, on

the first reflection of light

-^ ^ Area of hemisphere — concealed area BFG ,E = B, \ — phots
Area of sphere

^ 27rR^— 4 r* « 4- 2/' sin 2a
,= ^» -^ p"^"'^

/^ f 2r*a , r^ sin 2a\
,= >^B,(^i-^^ +-^;;^r-jphots (10)

The area of the zone EE' is

JA = 27rR(2r sin a da) sq. cm.

= 47rR r sin a da sq. cm (11)

if we consider it to be cylindrical instead of spherical.

The flux falling upon zone EE' is then

JF = E ^A lumens (12)

TT

and by integratmg between the limits a = and a =— we may

determine the quantity of light reflected on the first reflection

into the zone CD that is effected by the presence of the foreign

body.

F =\ Efl^A = BJ 27rRr\sin a da -^W sin a da -{-

-^^\sin a sin 2a da\= B

r

— 27rRrcosa— ^^(sin<a;— a cos a)R

,
2r^ (sina sin3«\ I

^ / 4 r\ 4 ^^\ _, / _,

-

—^) lumens (13)
3 ^^

The zone AKD has an area

A' = 27rR(R— 2r) sq. cm (14)

and it receives on the first reflection an illumination

E' = j4Bo phots (15)
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from the entire hemisphere. The lumens on this zone are

F' = E' A'

= Bo (ttR^— 27rRr) lumens . . (16)

The total light received by the entire hemisphere on the first

reflection is then

Fo = F + F' = B„(27rRr - -^-^ + ttR' — 27rRr) (17)

= B.^^R'^ — -?-^) lumens (18)

A hemisphere of brightness B^ reflects

F = 27rR- Bo lumens . . , ( 19)

of which just one-half is again incident upon the walls, or

F = ttR^ Bo lumens (20)

This is the same as the first part of the right-hand member of

equation (17) and the quantity

r'
F' = —^=— Bn lumens (21)

3 R
from the same equation represents the light lost on the foreign

body that would otherwise be incident upon the hemisphere. This

is the loss on the first reflection only. The total loss will be deter-

mined later.

It should be noted that from Fig. 4 we can arrive at the conclu-

sion that the hemisphere will be more accurate for a given unit

than will a corresponding sphere. The distribution of light from

the test unit and working standard will be different, and the

initial distribution of wall brightness will be different for the two

sources. We may assume that the further reflection of light in

the integrator will be independent of the first distribution of

brightness on the sphere or hemisphere walls. Thus it is only the

first reflection that will give rise to a different degree of ab-

sorption by the test unit of the light from the two sources. In

the sphere the test unit interferes with the first reflection from

every point, while in the hemisphere it has absolutely no effect on

the free reflection from the greater part of the instrument, and it

is only in the zone around the edge, COB Fig. 4 that interference

takes place to the extent that occurs in all parts of the sphere.
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Two Methods of Refi^Ection.

The ordinary lighting unit has a fairly large capacity for re-

flecting light incident upon it from the outside. Some of the light

intercepted by it during the passage of the light from side to side

of the hemisphere is reflected back into the instrument, and in

addition, the zone AKD, Fig. 4 illuminates the unit and part of

this light is also returned. It has been found that a diffusing unit

returns more light than one that reflects by specular action. The
two types of reflection are treated separately.

Rei^IvEction by Diffusing Unit.

In place of the black foreign body just investigated let us

assume that the body has a coefficient of reflection K" and that it

reflects by pure diffusion. In Fig. 5 a foreign body of radius r
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is shown located in the center of the plane of the opening of a

hemisphere of radius R. Any point P on the body receives light

reflected from the hemisphere, or as much of it as is visible from

the point P. A portion, K", of the light received is reflected by

pure diffusion, part returning to the hemisphere and part escaping

through the opening. The proportion in each case is determined

by the solid angle included by the section of the hemisphere

visible from the point P. The boundaries of the visible section

of hemisphere are formed by a plane tangent to the foreign body

at P and a conical surface radiating from P and meeting the edge

of the hemisphere. The determination and handling of this

curved surface involves difflculties whose solution is entirely

beyond the purpose of this investigation. The work is greatly

simplified if in place of the curved surface we take a plane PD
parallel to the plane of the opening as one of the boundaries of the

visible luminous area. The use of this plane can be partly justi-

fied by the fact that there is a point P' symmetrically placed out-

side of the plane of the opening that is effected in an opposite

manner by the assumption of a parallel bounding plane P'D'. It

should also be noted that about the poles Q and Q' and around

the equator BF of the reflecting body this method yields exact

results.

The brightness of the hemisphere being B^ lamberts, the illum-

ination of the element P is

^ ^ 2Tr[i -f sin(^ — a)! ^^ i + cos « , , , .

E = Bo

—

^^—^ ^ ^=Bo—^ phots... (22)"
47r "2

There is a circular zone of points similarly placed and the area

of this zone (see the figure) is

JA =: 27rr^ sin a da sq. cm (23)

The quantity of light falling upon the zone is numerically equal

to the illumination times the area, or

dF = ttT^ Bo(i -[- cos a) sin a da lumens (24)

The proportion of this light that strikes the hemisphere after

reflection is proportional to the solid angle subtended by the

visible hemisphere, and after multiplying by the coefficient of re-

flection, K" of the foreign body, we get for the total returned

light
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l2

Tzt, 2 T) I
(i -f COS ay . ,

= ^Trr'K" Bo ( I sin a da -\- 2\sin « cos a da ^ Isin « cos^ a af^
]

= >^7rr^K" BJ— cos a H- sin'* « — % cos' aj

r= ^ Trr'* K" Bo lumens (25)

This expression for the amount of light reflected back into the

hemisphere by a diffusing sphere of radius r is fairly exact only

for a value of r that is very small in comparison with R, the

radius of the hemisphere. The error is not large for moderate

values of r, say three-tenths of the radius of the hemisphere,

which is about the maximum size of unit that will be tested in this

integrator.

The effect of this reflected light in connection with the obstruc-

tion of light by the spherical unit will be investigated after an

expression has been found for the light reflected into the hemi-

sphere by a spherical mirror. This spherical mirror is supposed

to typify lighting units that have a high degree of specular re-

flection on the surfaces illuminated by reflected light.

RefivEction by SpEcuIvAr Surface.

In Fig. 6 a spherical mirror of radius r is shown located at the

center of a hemisphere of radius R. An observer at the point I

sees the point C on the perimeter of the hemisphere reflected in the

mirror at a point E, 45° from the OI axis. The point of reflec-

tion E is always 45° regardless of the relative values of r and R.

The image of the hemisphere covers an arc EGE' on the mirror

and the apparent plane area of this image viewed from the point

lis

Ai = 7r(r sin 45)^ = J^Trr^ sq. cm (26)

The brightness of the hemisphere being B^ and the coefficient of

reflection of the mirror being K."\ the illumination, by light from
the mirror at the point I, is

E = 4(W^' pi'"'^ (^7)
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and if the radius of the mirror is small as compared with the

radius of the hemisphere

E.-=^^^^ phots

(28)

that is, one-half of the projected area of the mirror is active in

reflecting light to the point I.

. jr

Fig. 6.

It may be seen by inspection that, viewed from any point on the

rim of the hemisphere, all visible points on the arc AEE'H will



benford: an integrating hemisphere 345

reflect light from the hemisphere walls, and no light will be re-

flected from the area of the mirror lying outside of the meridian

H O A. Here again half the mirror is luminous, and the illum-

ination by mirror at the point D is

E, = ^^^, phots (29)

It should be observed that equation (29) is exact for all values

of r, while equation (28) is derived by making the assumption

that IE = R, and hence is an approximation that gives values

lower than the true illumination. More importance should be

attached to the calculated value at D, because more area is repre-

sented by the zone around the rim of the hemisphere and although

the illumination at D is less than at any other section, the last

equation may be used to represent the entire area. The flux re-

turned to the integrator is then

F = 27rR2 E2

= Trr^ BqK"' lumens (30)

With the aid of equations (21) and (25) it is possible to cal-

culate the efl^ect of a diffusing unit on the photometric reading,

or using (21) and (30) the effect of a spherical mirror may be

calculated. A comparison of the last equation and the corres-

ponding equation (25) for a diffusing unit shows that the latter

returns one-third more light to the hemisphere.

Symboi^s Used for Hemisphere.

Let Fq be the total flux entering the integrator.

Let F' be the light obstructed by the test unit.

Let F" be the light reflected by pure diffusion.

Let F"' be the light reflected by specular reflection.

Let A be the area of the test unit.

Let K be the coeflicient of reflection of the hemispherical

surface.

Let K" be the coeflicient of reflection of the diffusing unit.

Let K"' be the coefficient of reflection of the specular unit.

Let Bq be the initial brightness of the hemisphere.

Equation for Diffusing Unit.

Solving first for the effect of the diffusing unit, we have

Bo =^^ lamberts (31)
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for the brightness due to direct Hght only. Of the total incident

flux Fo the part KF^ will be reflected, and half of this will, in the

absence of a test unit, escape from the instrument. Including the

obstruction and reflection by the unit, we have available for the

first illumination by reflected light

F, = i^ KFo— F' + F" lumens (32)

From equation (31) and (21) we have for the obstructed light

8 r^ A F K r^
F' =^ B, = i|^»^ lumens (33)

and the reflected light is from equations (25) and (31)

F" = ^ Trr^* K" Bo = —5—»- = lumens.. (34)

substituting (33) and (34) in (32) the net light available for the

first illumination of the hemisphere by reflection is

I-,->^KF„
-^irsF^ 3R' ^3^''

The brightness due to reflected light alone is

F, K K K^
B. =

2.R^ 4-Ri'~l^(~^)^^T"(^)1 ^'^^

Similarly

F, ^ ^KF. _F'. + F". - >^KF. -1^ + ^f-^

= ^^-'F. (. -|,(^-)Vif-'(^)y lumens... (38)

and the brightness due to the second reflection is

.-g|-:(-i(T)"+«(i)T..-^-<3>.)
F, K

^' ~ 7.-K R^

For the total brightness due to the addition of an infinite series of

reflections we have
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B = B„ + B, + B, +
_F„ K F„ K'/ 8 ( r y 4K"/ r \'\

2ir R' ^ 4jr R"V' ^tt \ R J '^
3 \ R J J

+&f:(-i(^)'+'fmT+3ir \ K / 3

=-—7—KT

—

^^jvy-^K'jvYW '^°'^"'' ^^°^

'^^V-tI'-^\r)+3\r)\)
and this is the characteristic equation of hemisphere with a

spherical diffusing unit at its center.

Equation for Spe)cui.ar Unit.

It was pointed out at the conclusion of the derivation of the

quantity of light reflected by a specular sphere that it returned

three-fourths as much as an equal diffusing sphere. We may
write directly from (40)

F K
B = :=^r-= ^r^ o ;

, > , lambcrts <'4
1

)

for a specular unit, when K"' is its coefficient of reflection.

Approximation for Mixdd SpKcui^ar and Diffuse

Refi^ection.

Many, if not all, lighting units reflect light by a process inter-

mediate between pure diffusion and specular reflection. As a

working compromise a mean between K" and K"' may be used

with a coefficient of 1.2. Also in place of — we may use 0.8,

giving

F K
B = ^-p T~rr^ 7-:T^TTlamberts(42)

..R^(i-f[i-o.8(^)+i..K'(-^)])

Where K' is the average coefficient of reflection.

The expression for the brightness of an empty hemisphere is

F K

and the ratio of the brightness with and without the foreign body

is given by equation (44) at the top of Fig. 7.
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In Fig. 7 values of Ra are plotted for various values of —and

K'. In practice there is seldom occasion to photometer a unit

corresponding to the units assumed for the above investigation.

/e =
/ -

-.= /.|:^...^^^;-^/3/rV^;y
(44)

/./^
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\
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Fig. 7.

The reasons for supposing that this integrator possesses points of

superiority over the complete sphere are directly based on the

above mathematics, and it was originally intended to follow it

through with a series of tests with spheres of different sizes and
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degrees of diffuse or specular reflection. Unfortunately this has

been impossible to do, but a series of tests was carried out in

parallel with the regular laboratory work on the distribution and

spherical photometers. The results of all work completed to date

are given below.

An average figure for the total coefficient of reflection of the

ordinary metal reflector is about 0.20, both the inner and outer

surfaces being included. The outer surface of a green or blue

reflector has a coefficient of from o.io to 0.15 and the inner sur-

face may reflect 0.70 but due to the light being trapped the net

reflection is reduced to 0.50. The average will in this case, be

about 0.20 on account of the greater area presented by the out-

side surface, which includes the holder or canopy. Such a unit

will have practically no effect upon the brightness of the hemi-

sphere, as will be seen by an inspection of the curve for K' = 0.25

in Fig. 7. The same unit in the sphere will have a very marked

effect; the calculated curve is given in Fig. i. The probable

accuracy of the results is not represented by these two curves,

but the accuracy is closely related to the amount of absorption and

there is thus reason to expect the improvement noted later in the

discussion of the test data.

Test Data.

Several tests have been made on projection units. None of

these tests have been complete enough to furnish a means for a

just opinion; the data may be described as encouraging but not

conclusive.

A number of distributing units have been tested in the 2-

meter sphere, the i -meter sphere, the i -meter hemisphere and

the incandescent distribution photometer. In the latter instrument

the number of planes in which readings were taken varied with

the character of the test unit and in some of the more unsym-

metrical reflectors as many as eight complete vertical planes were

investigated. It is assumed that the distribution photometer is

most nearly correct and the apparent errors are calculated on this

basis. This is not necessarily correct, but the agreement between

the four instruments lends some weight to this view. The units

were selected for variety and particular care was taken to include
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as many as possible of the units that experience has shown to be

difficult to photometer in the sphere.

Per cent. Increase (+) or Decrease (--) IN PhotomiiTER Reading

Reflector
r

R I m SphereMaterial Outside color Hemisphere

Glass White 0.15 — 4.2 + I.I

Glass White 0.20 — 5.7 +3.6

Glass Clear 0.15 - 7.6 +0.7

Metal Green 0.12 — 8.0 +0.5

Metal Green 0.12 — 9-4 +0.3

Glass Clear 0.24 -9.8 +3.7
Glass Clear 0.28 —15.1 +3.2

Metal Green 0.18 —17.7 + 1.0

Metal Green o.ry —17.7 +0.3

Metal White 0.25 —17.7 +5.0

Metal Green 0.20 — 19.2 + 1.9

Metal Green 0.20 —22.1 +0.5

Metal Green 0.19 —23.4 +0.2

Glass White 0.32 —26.0 +0.3

Metal Green 0.24 —26.4 +0.9

Metal Green 0.26 —26.7 +2.2

Metal Green 0.23 —27.9 —0.7

Metal Green 0.26 —28.8 +1-5

Metal Green 0.26 —30.0 +0.5

Metal Green 0.30 —33.5 —I.O

Metal Green 0.31 —36.5 —0.2

Metal Green 0.32 —40.2 —I.I

Metal Green 0.31 -44-6 —3.5

The ratio -^ is derived from a mean of the diameter and height

of the reflector. The absorption is greatly affected by the shape

of the reflector as well as the active reflecting surface. No close

relationship between the absorption in the two instruments can be

found in the above tabulation. This is due in part to the sphere

treating diffuse and specular reflection alike, while the hemisphere

distinguished between the two. The absorption values are in good

agreement with the curves of Fig. 7, and with several exceptions

fall within the predicted region between the curves K' = O and

K — 0.75 in Fig. 7.

There are thirty-nine completed tests on the accuracy of the

three integrators. In the following table the results are grouped

without regard to size or character of unit. It should be men-
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tioned in fairness to the 2-meter sphere that the tests on this

instrument were with exceptionally difficult units. One was a

glass bowl 13 inches in diameter by 14 inches deep with brass sus-

pending chains. Another unit was slightly smaller but lined with

colored silk. This silk gave a bad color balance in all instruments,

but the color was slightly deeper in the spheres due to the greater

amount of light filtered after reflection.

Average error
Instrument No. of tests Per cent.

i-meter sphere 16 2.90

2-meter sphere 4 1,75

i-meter hemisphere 19 0.78

This group of tests includes several on side lighting units,

refractors and the two units mentioned above, but only in isolated

instances did it include the units tested for absorption.
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ABSTRACT—RECENT DEVELOPMENTS IN

INCANDESCENT LIGHTING.*

BY GEORGE H. STICKNEY.

The intent of the presentation is to cover developments in in-

candescent Hghting which have occurred since the I. E. S.-U. of

P. Lecture Course of 1916. Shortage of materials, machinery

and labor, coupled with greatly increased demands for lamp out-
"

put, have restricted developments to some extent. Especially

constructed lamps which depart in any particular from standard

types are costly and retard production and should therefore be

avoided by purchasers wherever possible. In spite of this the

lamp manufacturers have experimented with new types of lamps

which have appeared promising in order that progress in in-

candescent lighting may continue. The result of this policy has

been the development of floodlighting, blue bulb, stereopticon and

moving picture lamps.

The economical production of effective illumination even with

so simple a medium as the incandescent lamp, requires skill and

good engineering which include always the selection of proper

lamps for the service, equipment as with reflectors and the

location of the units as to height, spacing, etc. It was on this ac-

count that the lamp manufacturers have provided special illumi-

nating engineering departments which have been influential in

advancing the practice of good lighting.

In spite of the economic superiority which has resulted in the

rapid substitution of Mazda for carbon and Gem lamps, there has

recently been a slight increase in the demand for carbon lamps.

Manufacturing equipment is not provided for increasing the out-

put of carbon lamps. This demand is due presumably to their

use in emergency construction work in which proper lighting has

not been planned. While there is some small necessary demand
for carbon lamps, yet in most cases Mazda lamps, particulary of

the larger sizes, can be used successfully and to better advantage.

Not only does the Mazda lamp offer a very considerable current

economy, but when installations are properly designed the in-

* A paper presented before the Chicago Section of the Illuminating Engineering
Society, Chicago, Illinois, October i8, 1917.
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stallation and maintenance costs are generally less than with

carbon lamps.

In the past factory lighting has tended to lag behind some
other classes such as commercial lighting. A few large and pro-

gressive manufacturers have formed the exception to the general

rule. On this account our manufacturing processes have suffered

from costs which have been too high and production and quality

which have been too low ; accidents have been too frequent. The
recent industrial expansion has brought about a new condition.

The extensive operation of night shifts under artificial light has

directed attention to lighting effctiveness and the need for in-

creasing output has led manufacturers to avail themselves of the

advantage of good industrial lighting much more generally than

in the past. Prominent in this new development has been the more
general use of the larger sizes of Mazda C lamps. This has

brought a need for diffusing the light from its more concentrated

filament. It has been found that bowl frosted Mazda C lamps

are successful even where exposed to smoke, dust and oil, though

as in all lighting systems, a regular cleaning system promotes

economy. A device applicable where a high degree of diffusion

is desired is that of a metal reflecting cap fitting snugly about the

lower half of the lamp bulb and reflecting the light which falls

upon it to a large reflector above the lamp for redistribution.

Either a frosted Mazda C lamp with dome type reflector or the

reflecting cap with large diameter upper reflector may be used

with distinct advantage in most industrial work.
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ABSTRACT—THE LIGHTING ART; ITS PRACTICE AND
POSSIBILITIES IN INTERIORS.*

BY M. I.UCKIESH.

Variety of direction, intensity, distribution and careful choice

of the color quaHty of light are important considerations in

proper illumination of interiors. To ''paint" with light as with

pigments is an art which has unlimited possibilities and practical

applications. Physchological and physiological aspects are im-

portant factors.

To secure variety in lighting and to avoid unsightly outlets and

wiring it is necessary to provide several baseboard outlets in each

room. The decoration, including the hard-wood finishings, wall

covering, door and window mouldings, etc., are matters of vital

import in preparing lighting specifications—co-operation between

the architect and the lighting specialist is extremely desirable. A
correct concept of the finished appearance of the interior must be

had by both.

The householder should not be too desirous of curtailing on

lighting fixtures and wiring, when the effectiveness of his home
depends so much upon proper illumination—and the cost as

compared to the total is so negligible. A fixture should first be

designed to give intensity, and direction to the light—the outline

and finish of the fixture are of secondary importance but should

fit in with the decorative scheme of furnishings. Tinted lamps

are being developed to obtain pleasing "atmospheres" of color.

The illumination must bring out the decorations of the room,

must produce high lights and shadows, emphasize color qualities,

and represent the individuality of the occupants in so far as good

taste is not transgressed.

Scientific research and development and the cordial co-operation

of the architect, home builder, lighting specialist and distributors

will do much to attain the ideal.

* A paper presented before the Chicago Section of the Illuminating Engineering
Society, Chicago, Illinois, February 21, 1918.
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ABSTRACT—THE AESTHETICS OF STREET
UGHTING.*

BY M. I^UCKIKSH.

There is an important middle ground between that occupied

exclusively by architects and that occupied by engineers in which

there is a large opportunity for illuminating engineers to perform

a service. In street lighting this opportunity lies largely in the

improvement of existing conditions. This phase of the subject

might well be included under a caption ''Cleaning up the Front

Yards of the City." To a considerable extent the city planning

movement neglects the streets. Curbs are lined with all sorts

of obstructions, such as mail boxes, trolley poles, telegraph poles,

etc. The remedy for this lies in the further development of

American taste. The architect is leading in this direction.

Improved appearance of the streets develops patriotism and

civic pride, and helps business. To improve the appearance of the

streets it seems to me to be necessary principally to harmonize

details. Ours is a new country. We have just passed through

the stage of impetuous development. Things have had to be done

quickly, and sometimes cheaply. We are now getting to the

point, or at least may hope to arrive there after the vv^ar, when we
can consider to a greater extent the development of beauty in our

construction work.

(Numerous illustrations, most of which were prepared by Mr.

S. E. Doane, were presented to show good and bad practice in re-

gard to construction in the streets for lighting.)

In discussion Mr. W. J. Serrill endorsed the speaker's empha-

sis of the importance of good daylight appearance of lighting

construction. Pleasing lamp posts ornament a street. Concrete

posts are particularly useful in this connection. Pleasing street

lighting systems beautify a street at night. White way equipment,

sign lighting, etc., ought to be artistic by daylight as well as by

night.

Mr. E. K. Price, of the Philadelphia Park Commission, de-

scribed improved street appearance in parts of Philadelphia as

* A paper presented before the Philadelphia Section of the Illuminating Engineeiing
Society, Philadelphia, Pa., March 15, 1918.
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a result of mounting trolley wires from building fronts instead of

from poles. Artistic poles elsewhere are employed with good

effect. Flood lighting of handsome buildings likewise is favored.

Electric sign fixtures are often eye-sores in the daytime.

Mr. Thomas Sproule emphasized the handicap of limited funds

which prevented artistic treatment of lighting construction.

Wherever practicable, poles and circuits are run in the rear of

houses instead of on the streets. Where the cost can be defrayed,

the wires are run underground.

Mr. Stecher emphasized the practical difficulties in the way of

following installation practice which results in the best appear-

ance of the street.

Mr. lyuckiesh in closing the discussion stated that the archi-

tecture of city streets is in advance of the illuminating engineer-

ing. He urged improved street lighting, uniformly installed,

which would reveal the buildings. To be satisfactory aesthetic-

ally, the illumination must be free from glare.
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IIvLUMINATING ENGINEERING AS A COMMERCIAL
FORCE.*

SOME EVIDENCE OF ITS IMPORTANCE AND UTILITY
IN THE CENTRAL, STATION FIELD.

BY O. R. HOGUE, C. Iv. I.AW AND K. E. WHlTEHORNE.

Synopsis: General inattention to the actual purpose of illuminating

engineering is causing much of the apathy toward the development of

better lighting among utilities. These practical objectives are— i. To
develop new lighting business from new customers. 2. To improve the

lighting of present users, raise the standard of illumination and the result-

ing revenue. 3. To promote good service and satisfaction among cus-

tomers and the company's property and good repute. The organization

needed for such work is illustrated in the case of utilities in cities of

varying size; with detailed description of the Bureau of Illuminating

Engineering of the New York Edison Company. The definite results

which are obtained from this commercial practice of illuminating engi-

neering are cited from the experience of the Commonwealth Edison Com-
pany, Chicago, 111., the Central Hudson Gas & Electric Company, Pough-
keepsie, N. Y., and the Rochester Railway & Electric Company, Rochester,

N. Y. ; also other evidences of achievement in incidents reported from
other cities v/ith some further comment on the indirect influences of such

illuminating engineering work for increasing industrial output, improving

conditions in the workman's home and the development of the science

itself.

There is a great deal of unfortunate misunderstanding as to

the commercial purpose and practical value of the science of

illuminating engineering to the Hghting industries. Its lav^s and

principles have been discussed and analyzed through years of

evolution, its practices have been defined, its ever grovv^ing wealth

of experience has been related and passed on for wider use, but
*A paper prepared under the auspices of the lyighting Sales Bureau of the Na-

tional Electric Light Association for the 19 16-17 Correspondence Convention of the
Illuminating Engineering Society.

2
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men have kept on thinking of it largely as a scientific propaganda.

The most important fact remains that this same science of illumi-

nating engineering has marshalled to the service of the central

station, gas or electric, a great creative force for the develop-

ment of further bigger, better business in the lighting field.

It is because this fact has not been generally recognized with

the enthusiasm it deserves, and generates, once the idea is grasped,

that we see so many central stations, and so many gas lighting

companies still going on without any real effort to treat their

lighting business seriously. They seem to be content to sell just

light—the raw material—instead of accurate illumination as the

finished product. Yet we know w^il that by the systematic appli-

cation of illuminating engineering, the profits of such lighting

business can be immeasurably increased as has been proven in

the experience of many cities.

THE PURPOSES OF ILLUMINATING ENGINEERING.

It is worth while, therefore, to consider what really are the

actual basic, commercial purposes of illuminating engineering in

the central station industry, for instance. There are three pur-

poses :

1. To help develop new lighting business, by converting new

customers to the use of electric light.

2. To improve the lighting of present customers and increase

its usefulness and value to them; and in this way, gradually to

raise the standard of illumination throughout the community and

thus, automatically, to increase the company's lighting business.

3. To promote the satisfaction of present customers by giving

them better service and more effective lighting that will tend to

make them regard more highly the influence and benefits of good

illumination; and in. this way ultimately to win for the company

a greater popularity in the community.

If the practice of illuminating engineering by the sales depart-

ment of a central station can achieve such results, surely no

company should disregard the opportunity. And to prove that

the utilization of illuminating engineering has exerted such a

broad creative selling force, it is only necessary to cite the defi-

nite experience of central stations, who have been awake to its
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possibilities. The fact that these companies are operating in

communities of different size and under widely varying condi-

tions, is evidence enough that this is a basic policy susceptible to

application anywhere. The organization required and the extent

to which the work may be developed, of course, depends entirely

on the local opportunity and the size of the central station itself.

ORGANIZATION FOR THE WORK.

In the organization of an illuminating engineering department,

the objective is naturally to adequately and profitably carry out

the three purposes of the work, as enumerated.

In Poughkeepsie, for instance, the Central Hudson Gas &
Electric Company employs one lighting specialist who handles

all matters pertaining to domestic and commercial lighting. This

man lays out lighting installations for consumers and prospective

consumers, specifying the proper units, and takes care of all

complaints from institutions and large consumers with regard to

lighting service.

In Rochester, this work is centered by the Rochester Railway &
Light Company in its industrial sales department and there are

various men in this department who have become specialists in

illuminating engineering work.

In Baltimore, the Consolidated Gas, Electric Light & Power
Company maintains an illuminating engineering department

which is in reality a selling force for commercial wiring and light-

ing. Five men specialize in the sale of lighting equipment and

the necessary wiring for various branches of service, exclusive

of domestic. These are sub-divided as follows: (A) churches,

lodges, small stores; (B) offices, banks, large stores; (C) indus-

trial and factory; (D) miscellaneous—not covered by the above

and working in any field as conditions require.

In Chicago, the Commonwealth Edison Company has an illumi-

nating engineering division divided into two separate and dis-

tinct classes : first, men who do engineering service to all classes

of customers; second, men who are specialists in a given line of

work, such as industrial lighting. Industrial lighting engineers

have a specific section of the city assigned to them for the pur-

pose of soliciting for and recommending improvements in indus-

trial lighting.
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A good example of a broadly organized department is the

Bureau of Illuminating Engineering of The New York Edison

Company which consists of five sub-divisions, as is shown in the

accompanying illustration (Fig. i). These five divisions are:

(i) Illuminating engineering advice, (2) large building over-

sight, (3) surveys, (4) lamp questions, and (5) fixture show-

room. The following brief description of the operation of these

sub-divisions and the reproduction of the various forms em-

ployed gives a good idea of the scope and method of their work.

To the first section, inquiries are referred where customers wish

advice as to the best methods of illumination for new installations,

or regarding more efficient lightmg for the purpose of decreasing

bills, which necessitates changing of fixtures, glassware or lamps.

Such inquiries are referred from all departments of the company
and an "Inspector" calls either by appointment or during his regular

tour. Where the information can be given immediately, the inspec-

tor presents a report to the office on what has been done.

Where the case necessitates a further call due to the fact that

more information is required, the report is placed in file and fol-

lowed up by the Assistant Manager. This second call may be made
necessary for the reason that information on lamps, glassware or

fixtures has to be secured and this is given either in a letter incor-

porating the report, or by a personal call. In instances where it is

necessary to prepare plans, write specifications and submit estimates,

the plans of the buildings are turned in to the office where a tracing

is made for the purpose of putting in the wiring and locating out-

lets. The specifications are written by an engineer in the office, who
also secures the estimates. When this has been accomplished, it is

also returned to the inspector to report back to the customer.

The Large Building Oversight Division is called upon to inves-

tigate installations where private generating plants are operating

and advises regarding more economic and efficient methods of

illumination with a view to introducing central station service.

Where a building has recently been taken over on a contract by the

company, a representative of this division supervises the installation

in order to keep the consumption within the figures used as a basis

for securing this new business. The inspectors working in this

division are men specially trained in the economical operation of

installations of all types. Their duties are to recommend changes

where more efficient type of lamps can be used, or perhaps where

a demonstration shows that a change in equipment would ulti-

mately result in a saving for the customer. This necessitates, in

some cases, a day and night force, keeping a record of the con-

sumption through hourly readings by meters placed for this purpose,

in order that a more detailed oversight may be maintained.
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The Survey Division is called upon to make a detailed report

of installations by fixtures, lamps and motors. These men have a

thorough knowledge of all types and sizes of lamps, and the original

figures for the operation of buildings are based on this report, which

necessarilly has to be accurate for this purpose. The method fol-

lowed in recording the installation of a given building is by tracing

out the various circuits from service entrance, noting the size and

type of all lamps, style of fixture used, make and size of all motors

and the apparatus which they drive. A grand total of the above is

shown, giving the entire current consumption of the building.

The duties of the division handling lamp inquiries are to deter-

mine and give information regarding all technical questions in con-

nection with electric lamps. Questions regarding the misuse of

lamps, or what is known as "lamp traffic," are also handled. These

are cases where customers secure lamps from the company under

certain conditions for one address and use them at another. This

work also includes the preparation of lamp price schedules. It

requires close touch with the lamp manufacturer in order to be

posted in the new developments or changes made; also a very

thorough knowledge of the company's policy is necessary on both

the sale and renewal of lamps to its customers.

Under the supervision of the bureau, also, comes the show-

rooms where various types of glassware, fixtures and lamps are

displayed. This company does not make a practice of selling fix-

tures of any kind, but is glad to receive orders which are placed

directly on the manufacturers.

HOW A DEPARTMENT WORKS.

Whether the work be entrusted to one man or a dozen, how-

ever, the chief aim is the same—to help win new business, to

improve present lighting installation and to give better service to

the customer. In describing the work his men are doing in

Chicago, Mr. Oliver R. Hogue, Head Lighting Agent of the

Commonwealth Edison Company, says

:

"To win new business, advertising matter of all kinds is sent out

to prospective customers calling attention to the free service of our

Illuminating Division for the planning of installations on the basis

of efficiency and utility. Architects are constantly visited by repre-

sentatives whose duty it is to make recommendations on new plans

and at all times suggest the use of this division in the working out

of lighting details. Before the work is done all installations must

first be approved by the head of this division, for if the lighting

installation is properly planned at the beginning the value of the

service rendered by the company is enhanced and the prospective

customer seeing the satisfactory installation is very highly impressed.
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"In working to benefit the customer salesmen soliciting electric

lighting offer the service of the Illuminating Division, which they

assure the customer can and is better able to recommend the proper

sizes and type of equipment for their particular needs. Newspaper
advertising is used to call the customers' attention to the services

of this division in improving existing installations, which have
become obsolete or inefficient, always calling attention to the fact

that their services are free. Photographs of installations which

have proved successful are used to substantiate the claims of this

division.

"Also where the customer complains of his bills being too high,

or when he thinks he is not getting sufficient light, one of our

illuminating engineers carefully checks the installation, advising the

customers on the sizes of lamps to use and the equipment best

adapted for his use, and instructs him in the proper method of using

his light. Illuminating engineers have also been called in to pacify

complaining customers and by reducing the connected load through

the substitution of new for obsolete equipment have been able to

reduce bills to such an extent that the customer was more than

pleased with the results. Many times the simple fact that the com-
pany has sufficient interest in his welfare to take the trouble of

having an illuminating engineer call and examine his equipment

satisfies the customer that he is getting value received,"

In other words, this work of the illuminating engineer is not

alone engineering, it is the exertion of a broad psychological

influence on the prospect and the customer individually and col-

lectively. As Mr. J. J. Cogney, of the Central Hudson Gas &
Electric Company, puts it

:

"We are not at all stingy with regard to the services of our

lighting specialist. We are glad to have him lay out installations,

and make suggestions for improved lighting effects for concerns

operating private plants. This practice helps improve the attitude

of the owner of the private plant, who feels that our policy is a

broad one. It brings us together, and leads him to feel that we are

not bad fellows after all—that if he should some day decide to pur-

chase service from us, he would receive proper treatment."

Thus the lighting service propaganda is pioneering in the full

sense of the word, as Mr. Frank C. Taylor of the Rochester

Railway & Lighting Company points out effectively

:

"One of the big advantages of illuminating engineering is that it

gets the central station into direct contact with the customer. This

is of special advantage because we have found that a man going

out on lighting work may find that gas or electricity should also

be used there for heating brass furnaces, say, or core baking ovens
and for many other purposes. He also may find a gasoline engine
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in use, or perhaps some small steam engine which may be shut

down and electric power substituted."

EVIDENCES OF ACHIEVEMENT.

The practice of illuminating engineering in the central station

field, therefore, is not a burden on the overhead. It is not an

expensive service which the smaller company may feel beyond its

reach. It is a selling force that continuously proves itself profit-

able in many ways. The following extracts are quoted direct

from letters from companies who are convinced that every dollar

spent in this activity is profitable:

1. "A customer who was building a new factory came to us

for advice on lighting. We planned correct illumination for several

departments and sold and installed the equipment, with the result

that his connected load was considerably more than he had originally

planned. The results, however, were so good that he expressed his

appreciation of our work and assured us that the results more than

justified the increase."

2. "A bank, which had been a customer of ours, spoke several

times of the poor condition of their lighting and always feared to

make a change as they thought it would necessitate increasing their

bills. A thorough study was made of their conditions and their

own fixtures, which were of excellent construction, were remodeled

so that the lighting result finally obtained with indirect illumination

was all that they could desire. When the changes were complete it

was found that their current consumption was slightly less than

they had formerly used with their inefficient equipment."

3. "Another customer in a store had often complained of the

service which we were giving him, stating that he was sure that our

service was not as good as it had been a few years previously,

because he could net obtain as much light as he formerly had when
his present fixtures were first installed. We found upon investiga-

tion that his lighting equipment was dirty and practically all of his

lamps were burning long after their useful life. We sold him a

full line of new lamps and gave him advice regarding cleaning his

fixtures with the result that he was completely satisfied."

4. "Recently we made quite a notable installation of indirect

lighting in a modern reinforced concrete clothing factory, in their

sewing machine room. The intensity of illumination in the room
was quite high, being about 8 or 9 foot-candles. Their superin-

tendent has stated that he is sure that there has been considerable

increase in the work which they are able to do in that room over

what they could have done in their old factory under the former
lighting conditions. At the same time mistakes and errors have
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been reduced materially. They feel that part of this is due to

better surroundings, but the greater part of the improvement is

due to better lighting conditions."

THE INDIRECT INFLUENCES.

Such definite examples could be quoted without number, but at

the same time the indirect results of illuminating engineering

work are quite as far reaching and important. One company
mentions having improved the lighting of a church, and so im-

pressed the members of the congregation that two factory instal-

lations resulted. Another cites a case where after the lighting

of a large factory was redesigned, a number of the employees

became dissatisfied with the Hght at home, and called upon the

central station to improve it. It is this feature of illuminating

engineering work that has developed the careful selection of

lamps and reflectors, and has discovered the benefits to be ob-

tained from well designed lighting. It has steadily raised the

prevailing standard of illumination. It is assisting in a hundred

ways the profitable progress of development. It is a stimulative

commercial force that helps the central station build up its

market. And whether the salesman calls himself "illuminating

engineer" or "lighting specialist," whether there be one man or

many working in the city, the effort still will be productive.

All this is shown so clearly, so consistently in incontestable

experience across so wide a range of territory, that no utility

company, either electric or gas, should longer hesitate. It is

time for every one of us to recognize the commercial power of

illuminating engineering and to utilize it.

DISCUSSION.

S. B. Burrows : It seems to me that there are two messages

in this paper; one to the company, and one to the men—the

salesmen. The value of proper training is not open to discussion,

as it seems to me an obvious thing that we must, if we are going

to be representatives of a station selling lighting—illumination

—

we must be trained, and unless those of us who are right next to

the consumer will translate these papers into action, it seems to

me that they will somewhat fall short of their purpose.

It has been my experience in New Jersey that the men who are
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showing their ambition along these Unes of educating themselves,

are making the best lighting salesmen and therefore the best il-

luminating engineers.

Z. M Hyer: I realize the advantage to the lighting salesman,

of illuminating engineering knowledge. I am not, however, thor-

oughly convinced that every central station should maintain its

own illuminating engineering department. The day is coming

when I expect the larger companies will all establish depart-

ments of this kind. Our company has given this matter very

serious consideration and will no doubt do something along

these lines in the near future. The way we have successfully

handled our illumination problems is to get the co-operation

of the illuminating engineers employed on the job, and work with

them. We prefer to work with the illuminating engineer on the

job rather than conflict with him. When there is no illuminating

engineer employed on the job we usually get the co-operation of

the representative of some of the larger lighting accessory

companies, usually those men have had considerable practical

experience and their information is of more value than our own.

The one thing that the central station representatives should do

is to try and harmonize all interests on the job when they are

working towards one end and that is "Good Illumination," and

as soon as he finds that the various interests are working at cross

purposes he should get them together and eliminate any mis-

understanding.

A. F. Berry : I would like to ask just how central stations are

called in to prepare plans, write specifications and submit esti-

mates, as I notice that one of the authors claims that his bureau

does this work. I should also like to know whether they handle

and supervise this work on deferred payment plan, or do they

give the work to a contractor under competition and have super-

vision over same?

Clarence L. Law : Mr. Berry refers to where it is stated

that "We write specifications and submit estimates." It is

meant here that when the specifications are written they are sent

out to three contractors for estimates. When these estimates
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are secured they are submitted, with specifications, to the custo-

mer in order to guide him in placing his contract. The Company
may state an amount for which the work could be done, which

would be an estimate from experience; however, it does not do

any wiring and would not accept an order for the work.

This arrangement applies to both new and remodeled install-

ations.

E. E. Whitkhornk : I think it is general practice not only

among central stations but among gas companies that the sales-

man in charge of a district keeps in pretty close touch with

present customers. He cultivates their friendship, their confi-

dence, and I do not think this practice really can be seriously

questioned.

It is certainly good policy if the owner of a private plant comes

to the central station asking for certain information or certain

assistance, to render that assistance in a friendly fashion, and

better the relations with him. It is often by such contact that the

opportunity comes to the central station to improve the edu-

cation of his customer in illuminating subjects, and to increase

his appetite for a better service than he is able to secure from his

private plant.

I should like to endorse the opinion that has been given, that

training for the salesman is essential. Yet to my mind, the basis

of the whole business is the commercial purpose, and the com-

mercial purpose in this business is not the securing of the con-

tract, it is the sale of the commodity, the sale of the service

which is the objective, and a great deal of harm has been done

by taking the name illuminating engineering so seriously that the

purpose, the commercial purpose is crowded into the background.

Many customers have become confused and have regarded as

a mystery, all matters relating to scientific illumination. After

all, it comes right down to the commercial purpose, which means

enduring satisfaction to the customer, and therefore the con-

sumption of gas or electricity, and the salesman certainly has to

have sufficient training and education to be able to make the

proper installations which will bring this satisfaction and a

saving.
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ABSTRACT—RELATION OF THE BUREAU OF STAND-

ARDS TO ILLUMINATING ENGINEERING*

BY M. G. I.I.OYD.

Illuminating engineering involves the application of physics,

architecture, interior decoration, and the physiology and psych-

ology of light. The work of the illuminating engineer requires the

adaption of light from all available sources to all the purposes to

which it may be applied. To utilize effectively the available

sources, the illuminating engineer must be familiar with the

properties of light and its sources, and with the requirements for

effective illumination. To know the properties of the sources

and of the materials used in equipment, it is essential that quan-

titative measurements be made.

Many of these requirements are covered in the work of the

Bureau of Standards. The Bureau establishes standards for

measurement and has custody of the official standards. It investi-

gates possible new standards, improvements in the design, con-

struction and use of standards, and influences affecting their

constancy. It investigates methods of measurement and measur-

ing apparatus. It tests the apparatus, the light sources and the

materials used in equipment. It determines optical constants and

the properties of the eye. It draws up standard specifications

for lamps. Its investigation of public utility standards involves

many questions connected with electric and gas service and con-

sequently of interest to illuminating engineers.

The quantities in whose measurement the illuminating engineer

is interested comprise the total light flux emanating from any

source, the density of this light flux or the intensity of the source

in any direction, the illumination falling upon a surface, the

brightness or luminosity of the surface, the color of light, and

the properties of surfaces and of translucent media with respect

to the reflection, transmission and absorption of light. The

measurement of all these quantities involves, in addition to the

more common physical measurements, such as length and area,

the additional properties of intensity and color only.

*A paper presented befoie the Chicago Section of the Illuminating Engineering
Society, Chicago, 111., March 21, 1918.
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The standard for intensity of light is the international candle.

It is maintained by a series of electric incandescent lamps. The
possibility of using flame standards has been thoroughly in-

vestigated at the Bureau, and the conditions affecting the candle-

power of flames determined. The pentane lamp is a useful appli-

cation as a working standard for gas photometry of open-flame

burners. These advantages do not apply to gas mantles whose

candlepower does not vary in the same way with barometric

pressure, although affected in a way similar to the open flame by

variation in the moisture content of the atmosphere.

In comparing sources having different colors, the flicker

photometer has been used as the most satisfactory instrument.

Individual differences of observers with respect to sensibility to

different colors have been investigated and the characteristics of

the normal human eye determined.

Extensive life tests of incandescent lamps are carried out to

ascertain whether Government purchases comply with the stand-

ard specifications.

The properties of gas mantle lamps have been thoroughly in-

vestigated and the effect upon candlepower and efficiency de-

termined under such operating conditions as different qualities

of gas, varying pressure, adjustment of the burner, etc.

An extensive investigation of automobile headlights has been

made and curves were exhibited giving the distribution of light

produced by different forms of headlight lenses.

The operation of gas and electric equipment involves the

question of safety which has been made the subject of an exten-

sive study at the Bureau. The protection of the eye from harmful

radiation by the use of goggles has been studied and many data

obtained for the transmission of colored glass. The Bureau has

recently been engaged in helping to formulate safety standards for

application in Federal industrial establishments and among these

are requirements for illumination.
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ABSTRACT—THE RET-.ATION OF I,IGHT TO HEALTH.*

BY CHARI.e:S E). DE M. SAJOUS, MD., I.IvD., sc.d.

The word "ferment" is steadily being replaced in medical

phraseology by the word ''enzyme." In the words of Professor

Mendel, of Yale, ''Enzymes are no longer thought of exclusively

as agents of the digestive apparatus; they enter everywhere into

the manifold activities of cells in almost every feature of

matabolism." In other words, the same ferments, pepsin, trypsin

and others which first prepare foodstuffs in the stomach and in-

testine, for assimilation by the tissues of the body at large, are

the same agents which carry on certain functions in the intimacy

of the tissues.

Considerable evidence is available to show that these digestive

ferments are carried from the alimentary canal to the tissue

cells by certain white corpuscles of the blood, in which they are

readily found. To these white corpuscles belong the phagocytes,

which ingest and digest disease germs. We thus have digestive

ferments taking part—along with the oxidizing ferment—not

only in the vital processes of each tissue cell, but also the de-

fense of the body against disease.

Prevost's theory of mobile temperature equilibrium is now
known to apply to radiant heat as well as to heat energy derived

from other sources. It is simply that if two bodies of different

temperature are placed close to each other, the warmest of the

two will lose heat by emitting radiant heat which the colder body

will take up until the temperature of both is equalized. Briefly,

the skin absorbs radiant heat when the cutaneous temperature is

lower than that of the radiations received, up to certain limits

(influenced by the perspiration and other factors) and the

temperature of the tissues of, and beneath, the skin is thus

raised.

The penetration of radiant light through the tissues when long

wave lengths characterize the rays, is considerable, that of red

rays for instance, exceeding one inch. Careful experiments by

Rollier showed that solar rays could penetrate the hand and

forearm and also, under favorable circumstances, the entire chest.

* A paper presented before the Philadelphia vSection of the Illuminating Engineering
Society, Philadelphia, Pa., May 17, 1918.
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1

How does light energy influence the vital process of those

tissues and contribute to the defense of the body against disease?

Charcot, the French neurologist, as far back as 1859, urged that

we should distinguish between the purely chemical effects and

those produced by heat. In the present connection we probably

are dealing with a process in which the chemico-physical effects

credited to oxidizing ferment I have termed "adrenoxidase" and

heat both take part, particularly near the surface.

There exists immediately under the superficial tissue a great

system of small interwoven canals which, so to say, act as sewers

of the tissue cells. They serve not only to carry off, but also to

purify the fluids received from those cells by breaking down, as

far as possible, the wastes and detritus that they form while

carrying on the process which constitutes their life. These chan-

nels are interspersed with glands that contain phagocytes, i. e.,

cells of the type that destroy, by means of their digestive ferments,

disease germs and other harmful substances that the small canals

carry to them from every direction. This system of lymph

channels and glands, known as the lymphatic system, is a promi-

nent weapon of defense. Everyone has seen lymph, a whitish

viscid fluid, collect on abrasions, and also enlarged glands on the

neck of children. These latter are enlarged lymphatic glands

trying to destroy bacteria from some source, the tonsils, adenoids,

etc., thus preventing general infection.

The beneficial influence of sunlight is readily accounted for

when we take the lymphatic system into consideration in addition

to the tissue cells, in view of the effect of light energy as mani-

fested by its radiated heat. Indeed,—and this is the dominating

factor in the process—the ferments of both kinds previously re-

ferred to, those which promote tissue oxidation and those that

digest and destroy bacteria and organic poisons become increas-

ingly active as the heat to which they are exposed is increased,

and we obtain as result an increase of both vital activity and de-

fensive aggressiveness.

This increased efficiency of ferments under the influence of

increased temperature is the method adopted by Nature, according

to my own viewpoint. It explains the process we term "fever,"

long deemed an enemy, but in reality a defensive function calcu-

lated to destroy poisonous substances or germs that have found
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their way into the body fluids and cells from a focus somewhere,

either in the superficial or deep tissues. In the course of fever,

the germ destroyers, or phagocytes, are not alone at work in the

blood stream, but the whole internal lining of the bloodvessels

themselves is made up of these germ destroying cells. Again, the

lymphatic vessels which act as drains for the tissue cells, we
have seen, afford additional aid in the defensive process by means

of the multitude of phagocyte-laden glands through which the

serum obtained from the blood by the tissue cells must pass

before it is returned to the circulation.

Of course, abnormally high fever, i. e., fever above 104° F.,

for instance, may become dangerous in the sense that the very

digestive ferments which have their purpose to defend, become

too active and begin to digest not only the red blood corpuscles,

a process physicians term "hemolysis," but also certain tissues,

a process known as ''autolysis." To offset these morbid effects

of excessive radiation during hot weather, the skin protects the

body by perspiring; the water which moistens the skin, by

evaporating, keeps the surface temperature within normal limits.

The cool baths physicians employ in the treatment of typhoid

fever, have the same end in view ; they keep the fever within safe

limits.

On the whole, the relation of light to health may be summarized,

in view of the few data submitted, by the statement that it is

intimately bound up with the perpetuation of life, whether the

tissues be normal or diseased. It tends to sustain health by pro-

moting, as radiant energy, the activity of the oxidizing ferment

adrenoxidase, which sustains the oxidation of tissue cells, an

essential function of their life. It tends to defend the cell, when

endangered by certain germs and poisons by enhancing through

the heat energy developed, the efficiency of the defensive ferments

which submit these harmful agencies to digestive destruction.
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ABSTRACT—NOTES ON ILLUMINATION IN STORES
AND FACTORIES *

BY FREDERICK J. PEARSON.

An absolutely uniform lighting system in an establishment is

inferior to a fairly uniform general lighting system supplanted by

special lighting where necessary. Artificial lighting is used only

for a small portion of the 24 hours and should be intensified to

stimulate production. Efficiency, while important, should not

always receive consideration to the exclusion of other factors

which may result in greater satisfaction, increased sales in a store,

etc. Reproduction of a lighting system merely because it was

found to be satisfactory elsewhere, without considering the local

conditions, may lead into error. Local conditions must govern

design. In a store, a uniform general lighting system for all

departments should be used as far as practicable in order to

simplify maintenance. As few large units as practicable should

be used in order to reduce the initial and operating costs. The

fixtures should be of simple outline and in harmony with the sur-

roundings. Fairly dense diffusing globes with gas filled tungsten

lamps are desirable. Show case lighting is rather unsatisfactory

because of the poor service from the special lamps used. It is,

however, necessary to light show cases locally. Show window

lighting still suffers to some extent from exposed lamps.

Light conditions in most factories are poor. Good lighting

increases production just as it increases sales in a store. In-

creases of illumination intensity from 6 to 10 foot-candles have

increased the cost of lighting by only i per cent, and have been

found to promote sales by 6 or 7 per cent. Increase of lighting

cost of 2 per cent, in one installation was reflected in an increased

factory production of 10 per cent. In fact improved lighting is

one of the greatest of dividend producers whether in the factory,

the store or the office. We are still far below the saturation point

in artificial lighting intensities.

In discussion, Prof. E. H. Freeman pointed out that the real

measure of illumination effectiveness is the ratio between results

* A paper presented before the Chicago Section of the Illuminating Engineering

Society, Chicago, 111., April i8, 1918.
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secured and cost. In factories it is the relation of production to

cost of lighting; in stores it is the relation of sales to cost of

lighting.

Mr. J. R. Cravath questioned if local show case lighting is

necessary.

Mr. O. h. Johnson referred to the difficulty in getting store and

factory managers to appreciate the importance of good lighting

which can be obtained only by the use of good equipment, well

installed, with due respect to the local conditions. He inquired

concerning the practice in department store lighting of adapting

the lighting to changes among departments, and asked as to the

effect of different lighting intensities on different departments

from one to another of which shoppers might go.

Answering questions, Mr. Pearson made the following state-

ments :

Show case lighting, although troublesome, is a necessity, be-

cause goods in cases cannot be lighted properly from a general

illumination system. Merchandise sells better under light of

higher intensity. In factories the choice of enclosing globes or

reflectors must depend upon local conditions. Both are used in

particular cases with success. It has been observed that intensi-

fied lighting results in greater activity, more enthusiasm and

better sales service. Under daylighting there are on bright days

fewer accidents, fewer discharged people, less dissatisfaction

among employees. There is also a larger production in the fac-

tory and better workmanship. The difference between bright

days and dark, cloudy days is really surprisingly large. In arti-

ficial lighting, with 7, or 8, or even 9 foot-candles, where for-

merly 6 were employed, better results have been obtained. Since

increasing the illumination intensities employees and customers

have both shown more enthusiasm, interest and activity. In the

factory 6 or 7 foot-candles of general illumination is used, sup-

plemented by local lighting. In dye houses and bleacheries, 12

to 15 foot-candles is the intensity adopted.
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ABSTRACT—PHYSICS OF THE WELSBACH MANTLE *

BY H. E). IVES.

The investigation here described, insofar as it deals with the

radiatory characteristics of the incandescent mantle, constitutes

chiefly an extension of the work of Rubens on the thoria-ceria

mixtures to a large family of such combinations. It exhibits the

Welsbach mantle of commerce simply as one of a group of

possible combinations of radiatory materials, behaving according

to the same general laws, but remarkable among them for the

degree to which the characteristics of selective radiation are

exhibited.

A more detailed study has been made than any heretofore on

the behavior under various conditions of the absorption bands to

which the enhanced visible radiation of the more efficient mantles

are due. While no explanation has been found for the occurence

of the visible absorption bands of ceria—a question to be solved

only by a more intimate knowledge of the structure—the in-

formation learned as to the conditions imder which they appear

and disappear has made possible a rather complete explanation

of some long standing enigmas, notably that of the different be-

havior of the mantle in flame and cathode discharge heating.

Another line of investigation has here been taken up apparently

for the first time in any detail, namely that of the energy relations

holding with flame heating of radiating materials. As a result of

the study it has been possible to fix with some definiteness the

possible attainable efficiencies of gas light production by present

methods. These, while low, are still many times now reached.

* A paper presented before a joint meeting of the Franklin Institute and the Phila-

delphia Section of the Illuminating Engineering Society, Philadelphia, Pa., January i©,

1918. The full manuscript may be found in the Journal of the Franklin Institute.
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ABSTRACT—OFFICE LIGHTING*

BY WARD HARRISON AND J. R. COI.VII^I,E.

The authors stated that the problem of office hghting was

fundamentally one of providing the best illumination for the

sustained vision of flat surfaces in horizontal or slightly oblique

planes as contrasted with lighting for the perception of objects

in their three dimensions, so important in the industries and the

arts. Illumination intensities of 4-8 foot-candles were mentioned

for offices, and 8-12 foot-candles for drafting rooms. The use

of the daylight lamps was suggested in the offices where day-

light must be supplemented by artificial light during a consider-

able portion of the time. Emphasis was placed upon the desira-

bility of low ratios of brightness between visible light sources

and their surroundings. Direct, semi-enclosing, semi-indirect and

indirect units were classified as to their relative desirability from

the standpoints of glare, specular reflection and shadow. The

proper field for each type of unit was taken up. Co-efficients of

utilization for the various equipments and proper spacing ratios

were included. The application of individual lamps in the light-

ing of private offices was also taken up.

DISCUSSION.

Discussions of this paper were made by Messrs. Hyde, Regal,

Colville and Harrison. Dr. Hyde mentioned a special indirect desk

lamp which proved very useful under certain conditions, and

inquired as to the best ratio of wall brightness to brightness on

the work. Mr. Regal discussed the question of density of glass

where used in indirect lighting and asked what means were

available to the customer for judging the density. Mr. Colville

points out the desirability of proper location of desks with re-

spect to the daylight conditions, Mr. Harrison, in closing, re-

marked that a rough comparison of the density of any two semi-

indirect units can be obtained by holding them up to the light.

* A paper presented before the Pittsburgh Section of the Illuminating Engineering
Society, Cleveland, Ohio, December 14, 1917.
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For accurate quantitative values a photometric test is necessary.

Mr. Harrison recommended that the brightness for the side walls

should not exceed ^ or ^ that of a sheet of white paper lying

on the desk. He mentioned that the upper limit of desirable

intensity for office illumination had not been reached, that it

might be in the neighborhood of one hundred foot-candles.

I
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ABSTRACT—TIMEI.Y ASPECTS OF LIGHTING.*

BY M. IvUCKlESH.

The Opening remarks were devoted to emphasizing the import-

ance of Hght in warfare and the influence of lighting in the econo-

mics of production. A variety of phases were touched upon

including searchlights, special problems of colored light such as

fog-penetration and short-range lights, signaling, and lighting for

various war activities. The importance of good lighting in pro-

duction was emphasized and attention was directed to lighting as

a great factor in the tremendous developments of the present

age. Much of this impetus was attributed to continuous lighting,

day and night, which makes the output of factories continuous.

Mr. Preston S. Millar's paper on 'Xighting Curtailment" w^as

abstracted with the aim of emphasizing the fact that there are

better ways of saving coal than by curtailing lighting. The

broadening of the field of the lighting expert was revealed by dis-

cussing several fields of lighting. For example, camaflouge is

one of these and, in discussing this and other examples, it was

shown that those who are experts upon light, color, lighting,

vision, and the appearance of objects as influenced by lighting,

finds fields in which they can render valuable service. The ad-

dress closed with a view of the future in which were pointed out

the fields of lighting which have not been attacked in the best

manner by those who are responsible for lighting. These remarks

were directed chiefly toward the subtler problems of lighting in

which esthetics (or more broadly, psychology) and ordinary il-

luminating engineering meet. An endeavor was made to show

how the fixture-dealer and some others who come in contact with

the consumer, were not rendering the best lighting service.

* A paper presented before the New England Section of the Illuminating Engineer-
ing Society, Boston, Mass., May 21, 1918.
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ABSTRACT—THE TRAINING OF A UGHTING
SALESMAN*

BY CHAS. A. IvUTHlSR.

The qualifications necessary to successful salesmanship are

outlined. The lighting salesman, if he represents a lighting

utility, has an added responsibility to cultivate good relations

between the public and his company, and is obligated to consult

the interests of the customer to perhaps an even greater extent

than is a salesman in most other lines. Only by thus consulting

the customer's best interests can he serve his company to ad-

vantage. To do this a fair general education must be supple-

mented by a thorough grounding in the principles of illumination

and the salesman must be well posted in regard to the technical

and performance data of his own and competing systems of

illumination.

The lighting company can assist materially by holding regular

meetings of salesmen before which problems will be discussed,

appliances demonstrated and principles illustrated. Also at such

meetings all new devices and useful new information can be

placed before the salesmen. It may be advantageous in some

cases to take the salesmen through an educational course in

illumination. Where this is done, these meetings should be

handled as students classes, the meeting room being appropriately

equipped. Debates as to the relative merits of their own and com-

peting equipments are sometimes of value.

* A paper presented before the Chicago Section of the Illuminating Engineeering

Society, Chicago, 111., June 13, 1918.
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ABSTRACT—UGHT : FINE ART THE SIXTH.*

BY MARY HAI,I,OCK-GRE:E:NmVAI,T.

This presentation had to do with the use of light as a fine art,

and its analogical co-relation to music. It included demonstra-

tions of piano numbers with a co-ordinated atmosphere of light,

with and without color. The impossibility of anyone not by train-

ing an artist to develop an art was dwelt upon and credit given

the engineering field for the work which made this development

mechanically possible.

From the many attributes which go to make up this, as any art,

the speaker separated the dynamics of the dark and light from

such other attributes as "time" and "color" and showed that here

psychological proof existed of the emotional effect on the indi-

vidual of grades of brightness from the absolute dark to the high-

est light, which effects could be said to have their counterpart in

the shadings of tone as these affect the individual. Since bright-

ness stimulated the pulse rate of the human being, as well as the

creature, since the pulse of sub-conscious analogy impressed its

time variations on the rhythmic expression of the being, so a

direct scientific contact could be established between brightness

and the time rates of music but only as the "pavillion covers all

the merchandise."

It was on March 15, 191 1, that the speaker first combined the

two effects intensifying the pleasure and feelings derived through

the ear by that simultaneously presented to the eye.

Drawings showing mechanical means for such plastic use of

light as would be capable of following the dynamics of sound in

a manner as subtle as the underlying physiological perturbations

of the heart and lungs were shown; and announcement made of

applications for patents.

The end of the lecture was devoted to argument relegating the

analogies of color and sound to such categories as quantity,

quality, extension, and in its aesthetic sense only, weight.

* A paper presented before the Philadelphia Section of the Illuminating Engineering

Society, Philadelphia, Pa., April 20, 1918.
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1

SYNOPSES OF POPULAR LECTURES CIRCULATED BY
THE ILLUMINATING ENGINEERING SOCIETY.

Note : The following present summaries of the three popular lectures

prepared by committees and approved for circulation by the

Council of the Society, Complete manuscripts of these lectures

with accompanying slides may be obtained for presentation upon
application to the general office. It is the purpose of these lectures

to enlighten the public regarding good illumination.

STORE LIGHTING.

The lecture on store lighting is a very thorough treatment of

the application of artificial illumination to the store. It deals

not only with general interior illumination but also takes up show-

case lighting, show-window lighting, and store exterior lighting.

The lecture is illustrated with 62 slides which serve to bring out

very clearly the different points as they are discussed throughout

the talk.

The opening part of the lecture is given to a discussion of the

importance and value of good lighting to the merchant, bringing

to mind the fact that the cost of Hght is extremely low when its

value as an advertising agent is considered.

In taking up the fundamental principles of store lighting, light

intensity, color rendition, Hght diffusion and distribution, avoid-

ance of glare, and the proper location of light sources are dis-

cussed in a very interesting manner. The outstanding character-

istics of good lighting, it is pointed out, are that there be enough

light to permit comfortable vision, and that this light be properly

diffused and distributed so that no annoying glare or undesirable

shadows are present.

The three general systems of lighting and the reflector equip-

ment suitable for each are discussed with reference to the classes

of stores for which each system is most available. Open reflec-

tors, semi-enclosing, and totally enclosing units may be used

where direct lighting is desirable; inverted translucent bowls find

application with the semi-indirect system where part of the light

is transmitted directly and the remainder is reflected to the ceiling

and thence down into the room.

4
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The subjects of show-case Ughting and show-window lighting

are shown to be important phases of store Ughting. In both

cases, the fundamental requirement is to project light on the dis-

played goods and not into the eyes of the observer. This, in most

cases, necessitates the concealment of the light sources.

In taking up the last phase of store lighting, that of lighting

the exterior front, the important point brought out is that such

lighting should not interfere with the show-window lighting.

Among the various means, that of flood-lighting the store front

is the most recent.

In conclusion the point is brought out that good lighting is

worth dollars and cents to the merchant. Poor artificial lighting,

far from being an economy, is a liaoility.

THE UGHTING OF THE HOME.

"How shall I light my home?" is the theme of this lecture and

the answer is given in clear, non-technical English. The sug-

gestions can be applied with gas or electric lighting service and

the field for the presentation of the paper is consequently un-

limited. An outstanding feature is that no hard and fast rules

for the proper illumination of the home are given, but the reader,

or listener, is shown how initiative may correct existing lighting

evils and convert mediocre lighting into good lighting.

Before entering into the subject proper, a general discussion is

given of the more important of the fundamental principles in-

volved. Among these are: the description of the functioning of

the eye; the physical conception of light and color, with a demon-

stration of the color of a number of artificial illuminants; the

definition of glare through illustrative examples, the cause of

glare and how proper design and equipment may minimize it.

The selection of fixtures to harmonize with the room furnishings

is pointed out. The need of a reflector to secure an efficient dis-

tribution of light is explained. The causes of a flickering light

are mentioned. Cleaning the lighting equipment is brought to

the attention.

With the proper location of outlets, the question of the direction

of light can be more easily handled. Lighting units are divided
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into three general classes according to their influence upon the

direction of light. Each class, or system, is illustrated and the

merits of each pointed out.

Attention is now directed to the practical application of the

principles mentioned in the preceding part of the lecture. The
idea is used of having the discussion so planned that the illumina-

tion is consecutively explained to the reader, or listener, as he

would encounter them on a trip through the home. Thus, the

porch lighting is followed by the reception hall lighting and this

by the living room or library lighting, and so on. In discussing

the illumination of any particular room or place, illustrations are

shown of several equally good types of installations.

Some time is spent upon the lighting of the library or living

room and the effect of different means of lighting is shown by

photographs. The value of portable floor and table lamps in the

improvement of the appearance of the room is shown. Con-

siderable discomfort and damage to the eyes could be caused by

glare in these rooms because the occupant may remain in about

the same position for considerable time.

The dining room lighting is discussed from the standpoint of

the advantages of the several systems usually employed.

The lighting of the kitchen should be more utilitarian than

decorative. Here the light sources should be mounted high. The
same considerations hold in the lighting of the pantry. The
laundry should use moisture-proof units.

A high intensity of illumination is not required in the bedroom

and indirect units supplemented with brackets or small lamps for

the dressing table give very pleasing results. The closets may
usually be sufficiently lighted from one ceiling outlet or, if shallow,

they may receive enough light fom the adjoining room. The

bathroom, having light colored walls and ceiling, is well adapted

to indirect lighting.

In the basement, lamps are placed wherever special lighting is

required, such as, at the foot of the stairs.

With all systems of lighting, some thought should be given

the placing of switches for the control of the lamps.

Fixtures and glassware are discussed at some length. Glass-

ware is especially important because the effectiveness of the
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system depends upon the suitability of the glassware selected.

A general discussion is given of the adaptability of various types

of reflectors to the illumination of the home. Table lamps are

taken up in this connection.

In conclusion, it is said that good residence lighting is common-

sense lighting, a combination of a few fundamental principles

with a sense of harmony and artistic taste. When doubt exists,

the advice of specialists should be sought.

Accompanying the lecture are forty-two slides which cover the

wide range necessary for such a subject. Among them are a

cross-section of the eye, the spectrum of daylight as obtained from

a prism, porch lighting, and the improper and proper lighting of

the rooms in the residence, as well as a number of cartoons to

hold the audience.

PROTECTIVE LIGHTING.

This lecture treats of the use of light as a means of defense

against damage to the industrial and military machinery of the

country resulting from sabotage and acts of enemy agents in

general. The treatment of the subject is popular throughout.

The opening paragraphs dwell on the need for protective lighting.

There then follows a brief discussion of the principles of illumi-

nation that must be observed if a satisfactory installation is to be

obtained. These principles are illustrated by lantern slides. This

part of the lecture serves to pave the way for an intelligent under-

standing of the discussion of actual installations which follows.

The main body of the lecture consists of a number of illustra-

tions of installations, each of which is discussed separately and

its good and bad features pointed out. The lecture conforms with

the recommendations of the Committee on War Service of the

Illuminating Engineering Society on protective lighting.

The authors have aimed to keep in mind the viewpoint of the

popular audience and for that reason have avoided going too far

into the details of the subject. The general impression which it

is hoped to convey to the popular audience is—first, that there

is such a thing as the use of light as an effective means of pro-

tection; second, that there are right and v/rong ways of installing
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lighting for this purpose and to point out in a general way what
is right and what is wrong; third, that expert advice is available

and that the services of experts should be sought if an extensive

system is to be installed.

The lecture can well be presented in an hour's time ; it is illus-

trated by thirty-four lantern slides.

The above lectures were prepared by the Committee on Popular
Lectures. All of these lectures have been reviewed by the Committee on
Papers. The Society is indebted to the following sustaining members for

their co-operation in the manufacture and up-keep of the sHdes illustrating

these lectures

:

The Edison Lamp Works.

The United Gas Improvement Company.
The New York Edison Company.

National Lamp Works.

National X-Ray Reflector Company.
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WARTIME UGHTING ECONOMIES *

COMMITTKK ON WAR SERVICE) 01^ THK ILI.UMINATING

ENGINEERING SOCIETY.

Every citizen can assist the Fuel Administration in its efforts

to conserve the coal which must be saved if the war ability of

the nation is not to be impaired. Principally this may be done by

adopting good practice in house heating. To a lesser but impor-

tant extent it may be done through careful economies in lighting.

This guide to economies in lighting has been prepared by the

Committee on War Service of the Illuminating Engineering

Society^ at the request of the Fuel Administration extended

through the National Committee on Gas and Electric Service.

It is the patriotic duty of each citizen to see to it that no fuel

is wasted in his service. The technical guidance here offered

should make it possible for each to adopt lighting practice which

will conserve fuel without impairing public welfare or diminish-

ing useful accomplishment.

The following simple rules lead to the elimination of waste in

lighting, both by limiting the use of artificial light to the mini-

mum necessary number of hours per day, and by promoting the

most efficient use of artificial light during those hours.

ELIMINATION OF WASTE IN UGHTING.

Do not light lamps when sufficient daylight can be had.

Extinguish lamps when leaving a room unoccupied even for a few minutes.

* A paper presented at the twelfth annual convention of the Illuminating Engineer-
ing Society, New York, October lo, 1918.

1 Underlying the accepted principles of illumination are requirements for safety,
conservation of vision, aesthetics, comfort, convenience and economy. The Illuminat-
ing Kngineering Society is committed to the pjreservation of these principles and to their
application in lighting practice in the public interest. A number of recommendations
here presented, particularly those advocating decreased use of light, are calculated to
save fuel rather than to bring about most desirable illumination conditions. These are
to be regarded solely as a war measure, justifiable in the present emergency, but other-
wise not to be approved.
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Use pilot flames on gas lamps. They facilitate relighting and leave no

excuse for failing to extinguish lamps when their light is not needed.

Do not use lamps which contribute merely to decoration.

Do not use more lamps or larger lamps than necessary.

Do not use all the lamps when part of them will suffice.

Use single large high efficiency lamps rather than a number of small lamps.

In halls, bathrooms, etc., turn down gas lamps when full light is not

needed. Use electric turn-down lamps or turn-down devices.

Do not use electric lamps of the carbon filament type where the more

efficient tungsten filament lamps can be employed.

Do not use open-flame gas burners where the more efficient mantle burner

lamps can be employed.

Do not use blackened electric lamps or broken mantles or discolored

chimneys. New lamps are more efficient.

Do not use indirect or semi-indirect lighting fixtures in conjunction with

dark ceilings which absorb a large part of the light.

Use light colored reflecting surfaces (ceilings, walls, etc.) wherever prac-

ticable. These reflect much of the light and make it possible to

employ fewer or smaller lamps.

Clean lamps, shades, globes, windows, etc., thoroughly and often. Dirt

absorbs light.

Consult the lighting company for advice as to best lighting practice and

latest devices.

DAYLIGHT.
Use daylight during the war in preference to artificial light wherever and

whenever possible.

Raise the shades to let in the daylight instead of lighting lamps.

Arrange window shades to admit maximum daylight when desired. A
good arrangement is to have two rollers at the middle of the window,

one drawing up and the other down.

Ceilings and upper walls should be light colored and clean. Light colored

surfaces reflect five to ten times as much light as dark surfaces.

They conserve both daylight and artificial light.

Refracting or diffusing glass in windows helps to spread the light to dis-

tant parts of the room.

"Whitened surfaces on building exteriors (especially about courts of high

buildings) give more and better daylight in opposite buildings.

Keep windows and skylights clean. Dirty windows may absorb half the

daylight.

Dust window screens frequently. Remove them as soon as the insect

season is passed. They absorb one-third of the daylight.

Carry out operations requiring strong illumination near windows where

plenty of daylight is available.

Arrange machinery, furniture, etc., so that daylight falls on objects to be

seen—not on the eyes.

The considerations underlying these rules for economical light-

ing are as follows

:
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Fuel Consumed in Artificial Lighting.—The total coal output

of the country this year is estimated at 7oo,cxx),ooo tons. About

2^ per cent, of this is consumed in the production of artificial

light. Electric lighting requires about 12,000,000 tons. The net

consumption of coal in gas lighting is smaller (to which, how-
ever, a large amount of oil is to be added).

Relative Efficiencies of Various Lamps.—Most artificial light

is produced by consuming fuel. Whenever a lamp is extin-

guished, the consumption of fuel is diminished. A small lamp

consumes less fuel than a large lamp. Inefficient lamps require

more fuel for a given production of light than do efficient lamps.

The gas mantle lamp will produce five times as much light as the

open-flame burner for the same consumption of fuel. An intelli-

gent choice of lamps therefore makes it possible to reduce the

consumption of fuel.

Shades and Globes for Lamps.—Modern lamps are so brilliant

that they may injure the eyes if used without protective equip-

ment. Shades and globes conceal them from view, soften and

diffuse the light, and, where desired, redirect a considerable part

of the light in the direction needed. Shades and globes never

increase the total quantity of light, but an efficient reflector will

usually increase the light where it is needed. With such a

reflector a smaller lamp may suffice, thus saving coal. The advice

of the lighting company should be sought when selecting such

equipment.

Painting.—As a rule, at least one-half, and sometimes prac-

tically all, of the light utilized in interiors is received by reflection

from walls and ceilings. Good light tinted paint when fresh

rarely reflects more than one-half of the light which falls upon

it. The proportion of light reflected from good white lead and

oil paint under average conditions diminishes by about 10 per

cent, a year. The same is true of calcimine and similar coatings.

It is apparent therefore that there is an opportunity for improv-

ing lighting efficiency through the employment of the best fin-

ishes for ceilings and upper walls. Painting white ordinary light

tinted surfaces may increase the light reflection by as much as

50 per cent. Therefore in order to save fuel in lighting, wher-

ever it is practicable paint ceilings white; employ light tints for



390 TRANSACTIONS I. D. S. VOI.. XIII, NO. 8, NOV. 20, I918

the upper parts of walls ; and use paint that is non-porous and

easily cleaned.

Bxtravagant Lighting.—Extravagance in wartime is unpatri-

otic. It involves application for selfish purposes of money and

energy necessary to winning the war. Lighting in excess of that

which is necessary, and lighting for needless display or decora-

tion at such a time is extravagant.

Display Lighting.—The question of illuminated advertising

display is a part of the larger question of general advertising

practically all of which involves consumption of fuel. The

desirability of curtailing lighting of this character would appear

to depend upon the necessity of reducing advertising in general.

Proper lighting display has a place in maintaining the morale

of the people no less important than amusements and recreation.

Display lighting also has a certain utility in providing necessary

illumination. General and needlessly extensive display and ineffi-

cient methods of lighting display under present conditions are

extravagant. In planning lighting of this character every econ-

omy of energy not inconsistent with reasonable effectiveness of

the lighting should be sought.

Fallacies in Lighting Economies.—Removing reflectors or

shades from lamps in order to "get more light" defeats the object.

The raw light from glaring bare lamps is less effective than a

smaller quantity of reasonably diffused light not exposed to the

eye.

Attempting to economize by reducing the number of lamps or

by using smaller lamps indiscriminately is unwise. In nearly

every case ample illumination is essential to useful accomplish-

ment. The most successful conservation is elimination of waste

of light, not reduction of use of light.

Where Not to Save Coal.—In wartime human energy and

financial resources are to be conserved as well as fuel. Except

in the greatest emergency it is unwise to save a little coal at the

expense of waste of labor or impairment of health or menace to

the safety of the public. Coal saved through the improvement

of lighting equipment is clear gain. To diminish lighting stand-

ards in industrial plants, offices and other places where accom-
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plishment depends in part upon vision is to reduce accomplish-

ment or output. In such places, therefore, lighting should not be

reduced. On the contrary, an increase in the standard of light-

ing may be the truest economy and in the best interests of the

nation. The liberal use of light for protection of important prop-

erty, munition factories, public works, etc., is likewise in the

public interest, and under present circumstances no attempt

should be made to save fuel through the reduction of such

lighting.

Curtailment a Local Matter.—In an acute local fuel situation

an absolute lack of fuel may result in largely curtailed activities.

If there is no fuel, industry must cease. Such a critical situa-

tion obviously demands radical curtailment of lighting beyond

anything which is contemplated for general adoption.

In certain localities in the height of winter there may be a

power shortage due to abnormally taxed generating capacity.

This likewise may necessitate local lighting restrictions of a more

extreme character.

In either event, when such a situation occurs, the problem is a

local one, the handling of which must be governed by the partic-

ular circumstances.

Specific Applications.—Intelligent application in any lighting

installation of the suggestions contained herein will result in

appreciable saving of fuel. In some classes of installation certain

of these methods of saving have more conspicuous application

than others. In the following pages these more evident applica-

tions are described.

STORE LIGHTING.

The amount of fuel consumed in store lighting is of sufficient

magnitude to make a consideration of possible economies worth

while. Waste is usually due to causes rather easy of correction

without involving a decrease in the effectiveness of the illumina-

tion.

Economies may be effected by

:

1. Eliminating excessive illumination.

2. Avoiding the burning of lamps when not actually needed.

3. Saving the light wasted by dirty glassware, dark walls and ceil-

ings and inefficient equipment.
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I. Illumination in stores should be only that necessary to enable

customers to see comfortably and plainly even where the closest

discrimination is required to the end that they may make selec-

tions and judgments quickly and satisfactorily and to enable

salespeople to perform their duties quickly and easily. The

degree of illumination suitable for any particular case may be

determined by actual trial through the use of more or fewer

lamps or of lamps of greater or lesser power.

II. Lamps should be so controlled that only those actually

needed will be in use at any time. In small stores this may be

accomplished by controlling each individual lamp or cluster of

lamps at the fixture. In larger stores the lamps farthest removed

from the windows should be on separate circuits being switched

on first as daylight diminishes, the outer lamps being turned on

later as necessary. In all cases the greatest practicable use

should be made of daylight.

III. The loss of artificial light due to dirty glasswares and dark

or dingy ceilings and side walls ranges from 30 to 50 per cent,

and may be avoided by renovation at necessary intervals. Ask
your lighting company.

Large lamps are usually more efficient than small lamps and

where practicable installation should be altered to consist of the

fewest lamps from which uniform illumination may be obtained

under the conditions of use. Show windows should be lighted

by lamps with efficient reflectors; by the use of these it is often

possible to save from 25 to 50 per cent, of the energy required

for illumination without impairing the illumination in the win-

dow. Under no circumstances should bare lamps be visible from

the street as this renders the eye less sensitive and makes a higher

intensity necessary in the interior of the store, thus defeating the

purposes for which these economies are urged.
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HOTEL LIGHTING.

It is suggested that waste in guest rooms be reduced to a mini-

mum by having a notice, probably a card, placed near the door

reading,

U. S. F. A.

SEAL

'It is requested by the U. S. Fuel Administration that

you kindly turn off the lights when leaving the

room, and help save fuel."

All employees of the hotel especially the housekeepers having

charge of the guest rooms should be cautioned to see that lamps

are not left burning when rooms are unoccupied and that when
rooms are being cleaned only necessary lights are turned on.

Bell boys should be instructed to turn on only the main or over-

head lamp when showing the guest his room.

In dining rooms where two systems of lighting are in use, such

as overhead and table lighting, one of the two should be reduced

or eliminated entirely. Where overhead lighting is sufficient,

table lamps solely for decorative effects should be done away
with.

' In public rooms such as cafes, lobbies, writing rooms, etc., the

illumination should be reduced to a point consistent with com-

fort. All decorative lamps, around mirrors or on brackets, etc.,

not absolutely essential to produce illumination of a sufficient

intensity to avoid a feeling of undue depression or gloom should

be eliminated.

While it is important as a measure of safety to keep stairways,

passageways, and halls adequately illuminated, it should be re-

membered that hall lights burn long hours and in cases where

convenience or safety is not menaced reductions as to number

and size of lamps must be made.

Service rooms where lamps are allowed to burn constant^

should receive consideration, for example in large barber shops

where only a few chairs are in use lights over the other chairs

should be turned off. In the kitchen only those parts of the room
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actually being used for preparation of food, washing the dishes

and the like should be lighted.

HOME LIGHTING.

What can be done in the home to conserve fuel? To answer

this question let us ask what things in the home are done by-

means of fuel. Well, heating, cooking and lighting are mainly

done by its use; and either directly or indirectly this fuel is

mainly coal. So that to conserve fuel in any of these three

uses there are two methods to be considered : ( i ) To make sure

of the efficiency of the appliance used, and (2) To limit the time

of its use to a minimum.

It may not be generally known that the percentage of fuel used

in the homes of Americans for these three purposes is about as

follows

:

For heating (house and water) 87 per cent.

For cooking 1 1 per cent.

For lighting 2 per cent.

100 per cent.

Our specific purpose here is to consider the conserving of fuel

in home lighting.

Home lighting is by means of two kinds of light—Natural or

daylight, and Artificial light. To properly use the former is to

aid in conserving the latter, which requires coal.

At periods near dawn and near dusk, and during the heavily

clouded days we supplement daylight by artificial light ; and many
times we do this unnecessarily because we do not make maximum
use of the daylight at hand.

Daylight.— (A) Keep window panes cleaned; as much as half the

light may be absorbed by thick films of dust.

(B) Keep insect screens dusted; when repainting use light

colored paint instead of dark, and do not paint the

mesh closed ; or else use galvanized wire which

is light in color and durable. Also, remove the

screens as soon as the need for them has passed.

Many screens stop one-third the light.

(C) Housewives will be reluctant to give up, even to a

degree, their use of lace curtains ; but some minutes

of artificial lighting may each day be saved by a

judicious use of these during very bright periods

only.
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In short, use daylight wherever possible in place of artificial

light:

EARLY TO BED AND EARLY TO RISE
SAVES OUR BOYS, FUEL AND CARGOES AND LIVES.

Artificial Light.—It cannot be said, in general, that our homes

are overlighted ; but as first stated above, it is true that many of

them use light inefficiently, and many of them are lighted over-

time. It is desirable, therefore, to correct both of these wastes,

and to be watchful against their recurrence. To this end, may
we not get this habit: When we look at a lighted lamp let us

consider the rays streaming from it as streams of coal made
incandescent; and remember So Long as the Light Flows, the

Coal Flows!

If it seems difficult to get every member of the family incul-

cated with the habit of light saving, then much may be accom-

plished by appointing one of the younger members a Light

Monitor, charged with the duty of seeing that no extra or waste-

ful light is used. He will probably enjoy the duty and respon-

sibility.

Recommendations for improving the efficiency of the lighting

will be given in later paragaphs.

Having our equipment efficient, and desiring to further econo-

mize in the use of artificial light, Let Us Not so Much Strive for

a Less Lighted Room as for Less Rooms Lighted. Can we not

work toward the old idea of the Common Family Lamp, having

it modernly equipped and supplying adequate light for all sur-

rounding it ?

RECOMMENDATIONS.

1. Turn Off All Lamps Not in Use.

Even if you are coming back in a few minutes, you can turn it on

again. Pilot burners or wall switches will be found a great

incentive to this practice where lamps are in intermittent use.

2. Clean Lamps Regularly. (Not Merely Occasionally.)

Dirty shades and reflectors may reduce your light one-half. It is

proved economy to replace dim electric lamps or broken gas

mantles with new ones.

3. Keep Lamps Properly Shaded.

Lamps having proper reflectors will give best service. Unshaded

lamps cause eye-strain. Poorly designed shades waste light.

Consult your Hghting company.
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4. Use Only Modern Efficient Lamps.
Replace open-flame burners with mantle lamps. Replace carbon

electric with tungsten lamps.

5. Regulate Light for Proper Requirement.

Use turn-down lamps for hallways, kitchens, bathrooms, etc., where

night lights are required.

6. Avoid the Use of Lamps for Decorative Purposes Only.

This is a form of extravagance unsuited to war times.

7. Do Not Use Large Size Lamps in Small Size Reflectors.

This results in exposed lamps and glare.

8. Do Not Use Indirect or Semi-Indirect Units with Dark Ceilings.

Such ceilings absorb too much light, instead of returning it down-

ward in useful directions.

9. Again—Do Not Use Artificial Light Where Natural Light May he Used.

LIGHTING ECONOMIES IN OFFiCES AND SCHOOL ROOMS.

Very large economies in the operation of lighting systems in

offices and schools^ may be effected by observing all of the pre-

cautions listed belov;^, and this without reducing the general

illumination, w^hich is seldom of an intensity higher than that

required for the conservation of vision.

Control of Lamps.—Operate the lighting units for a given area

only when such area is in use. They should not be turned on

during any part of the day when the natural lighting will suffice.

Place the responsibility for such careful operation on designated

individuals.

Parts of the room remote from the windows may require arti-

ficial lighting when natural light is sufficient near the windows.

Connect the switches, if possible, so that the light sources may be

turned on in rows parallel with the windows, and the artificial

lighting thus used in the several sections only as is necessary.

Often the greatest waste occurs through the lighting of an

unnecessarily large number of rooms during the hours of clean-

ing. Every building superintendent and janitor should insist that

lamps be lighted in a given area only when the cleaners are

actively engaged there, and that the minimum number be turned

on which will permit the work to be done properly.

Cards or signs should be displayed prominently in the various

rooms requesting tenants to turn on only such lamps as are

necessary to their work and urging that all lamps be extinguished

when daylight will suffice and when the tenant leaves his office.

2 See "Code of I^ighting School Buildings," Illuminating Engineering Society.
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Reflecting and Diffusing Accessories.—Use bowl- frosted lamps

with open reflectors and be sure that the reflectors are deep

enough to protect the eye from the glare of the filament or

mantle. Larger reflecting fixtures with glass diffusing bowls sus-

pended below the lamps further soften the shadows and reduce

the demand for local desk lighting. Indirect and semi-indirect

fixtures produce the best conditions for vision in school rooms

and offices.

Clusters of lamps under flat shades produce glare and dis-

tribute light ineffectively. The larger lamps are the more effi-

cient. Therefore a lower wattage will suffice in a single large

lamp with deeper reflecting or diffusing accessory.

Cleaning of Windows.—Windows should be cleaned at fre-

quent intervals to allow the maximum use of daylight and limit

the hours of artificial lighting.

Painting of Light Wells.—Paint the light wells white. This

may reduce the period of artificial lighting by several hours each

day, and improve the daylighting at all times.

Removal of Window Screens.—Where windows of offices are

screened, the screens should be removed just as soon as the

necessity for their use has passed. They absorb a high percent-

age of the daylight and require artificial lighting to be turned on

for considerably longer periods.

Cleaning of Fixtures.—Dust accumulating on school and office

fixtures frequently reduces the intensity by 25 to 50 per cent.

Clean the units regularly and at short intervals to insure maxi-

mum output for the fuel consumed.

Wall and Ceiling Surfaces.—W^hite ceilings and, to a lesser

extent, light colored walls add greatly to the efficiency of any

office or school lighting system. The added diffusion of light

is also particularly valuable here. It is necessary that ceilings,

especially, should be refinished whenever they become darkened.

With indirect or semi-indirect lighting the refinishing of the ceil-

ing and cleaning of the lighting units will frequently increase the

intensity 50 to 100 per cent., permitting a reduction in wattage

to the next lower size of lamp.

In offices and school rooms^ the requirements of vision are

exacting. The occupants must view fine detail and work in one

3 See "Code of I,ighting School Buildings," Illuminating Engineering Society.

3
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position for long periods. The light from a lamp therefore enters

the eye constantly from one direction and will prove annoying

and harmful if too bright. Reflections from polished surfaces and

sharp shadows also interfere with vision. If the general illumina-

tion is from amply diffused sources of proper wattage, all indi-

vidual desk lamps may be dispensed with.

ECONOMIES IN FUEL FOR INDUSTRIAL LIGHTING.*

In almost every plant there is waste in the use of light, the

elimination of which can be accomplished without retarding pro-

duction, impairing the vision or menacing the safety of the em-

ployees. The principal sources of waste are the following:

Inefficient I^amps.—Replace carbon electric lamps by the mod-

ern efficient tungsten filament lamps. Substitute mantle burners

for open-flame gas jets. These substitutions will result in a

saving of three-fourths of the fuel used for a given candlepower.

Where clusters of lamps are employed under shades replace

them by a single larger lamp with a suitable reflector. The larger

electric lamps are the more efficient. A lower wattage may be

used in a single unit than with a cluster.

Improper Reflecting or Diffusing Equipment.—Flat reflectors

allow much of the light to escape to the walls instead of direct-

ing it to the work. They also leave the bright light source ex-

posed to view and the glare interferes with vision, causing a

-demand for still higher intensities. Use reflectors of the dome or

bowl shape for greatest economy. Except where lamps are

mounted in high bay areas use bowl-frosted lamps to reduce glare

reflected from the work and to soften shadows.

Faulty Location of Units.—Space lamps closely enough to give

uniform lighting and with reference to the work, so as to avoid

bad shadows. This permits the use of a minimum wattage in

the general lighting and makes it possible to remove most drop

jamps or local lighting. Drop lamps within control of the work-

man are frequently burned by him throughout the day when no

necessity exists.

Maintenance.—Keep lamps and reflectors free from dust by a

regular schedule of cleaning at short intervals. In many fac-

4 For information in regard to good factory lighting practice consult the "Code of

I,ighting.Factories, Mills and Other Work Places," Illuminating Engineering Society.
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tories dirty reflectors absorb half of the light produced by the

lamps.

Have windows washed frequently. This will greatly improve

the natural lighting and permit the use of daylight alone for

more hours per day.

Keep ceilings and upper walls well painted in white. When
dark or dirty they will absorb so much light that more artificial

light must be furnished.

Wasteful Burning of Lamps.—So far as possible do all light-

ing from a general overhead system out of the control of indi-

vidual workmen. Make some individual in each deparement re-

sponsible for seeing to it that lamps are lighted only in such

areas and for such periods as necessary.

Areas at a distance from windows often require artificial light

when natural lighting is sufficient near the windows. Switching

arrangements should be such as to make this possible.

TABLE I.

Foot-candles* at the work

Ordinary practice Minimum
(a) Roadways and yard thoroughfares 0.05- 0.25 0.02

(&) Storage spaces 0.50- i.oo 0.25

{c) Stairways, passageways, aisles 0.75- 2.00 0.25

{d) Rough manufacturing such as rough ma-
chining, rough assembling, rough bench

work 2.00-4.00 1.25

{e) Rough manufacturing involving closer dis-

crimination of detail 3.00- 6.00 2.00

(/) Fine manufacturing such as fine lathe work,

pattern and tool making, light colored

textiles 4.00- 8.00 3.00

{g) Special cases of fine work, such as watch

making, engraving, drafting, dark col-

ored textiles 10.00-15.00 5.00

{h) Office work such as accounting, typewriting,

etc 4.00- 8.00 3.00

Note.—Measurements of illumination are to be made at the work with a

properly standardized portable photometer.

* The foot-candle, the common unit of illumination, is the lighting effect produced

upon an object by a standard candle at a distance of one foot; at two feet, the effect would
be not one-half foot-candle, but one-fourth foot-candle, etc. A lamp which would gfive off

16 candlepower uniformly in all directions would produce a uniform illumination of one
foot-candle at a distance of four feet in any direction.
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The table of lighting intensities required in industrial processes

(Table I) was issued by the Illuminating Engineering Society and

subsequently adopted by the United States Bureau of Standards

for the National Safety Code and government plants. The table

has likewise been incorporated in the factory lighting codes or

regulations issued by several of the state industrial commissions.

The desirable illumination to be provided and the minimum to

be maintained are given in Table I.

DISCUSSION.

G. N. ALI.EN, Acting Director of Conservation, U. S. Fuel

Administration (Communicated) : The different methods of

conserving fuel through proper lighting as covered in detail in

this paper are, and will be, of material assistance to the various

departments here in the steps which they are taking, not only for

better lighting, but also in conservation measures to assure proper

economies in lighting.

One particular point in your paper which is of great importance

is your comment as to the mistake which can so easily be made

by failing to appreciate the impairment to health and service

which might result in too energetic an effort to save fuel by

decreased lighting, and such economies should not be proposed,

except in cases of the greatest emergency. We feel that this

point cannot be too thoroughly considered.

We know that a general understanding by the lighting public

of the principles as involved in your paper, will not only mean
proper economies for the wartime period which your paper is

intended to cover, but many of the principles will be of great

benefit if followed by the public after the war. We further

appreciate that many of the principles as recommended are not

what your Society would technically call proper lighting.

We thank you and your Committee for presenting this paper.

We know the spirit in which it has been prepared, and we wish to

ask you, your Committee on War Service and all the members of

your Society, to accept the appreciation of the Administration

for the service which it has rendered, which service we know
they will continue to render in their respective vocations and dis-

tricts. We know that without such assistance we cannot expect

to get the necessary results in our efforts to conserve fuel. More
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fuel means more steel and more steel means more shells, and the

co-operation of the members of your Society in conservation

measures assures us of a considerable fuel saving, which brings

us nearer to the end of this war.

R. h. KESTER, Power and Light Section, U. S. Fuel Adminis-

tration: I would like to state, yesterday afternoon before start-

ing up here from Washington, Mr. Allen, who is the Acting

Director of Conservation, requested Mr. Stuart and myself to

be here and discuss in detail at such time as we can take up in

this meeting, any necessary points relative to this program which

has been subm.itted to us. Mr. Allen asked us to state to this

meeting that it was not the intention of the Administration to

enforce anything that seemed extremely drastic. He was under

the impression that possibly some of the suggestions as made in

this report, as submitted, might apply in some localities, and in

other localities it would not, and for that reason we felt that

before any formal programs were made out—were sent out by

the Administration, that Mr. Stuart and myself should discuss

these different matters with you gentlemen fully, so that we can

act together. And in addition Mr. Allen wished to state that

the Administration fully appreciates that the lighting industry in

general is being called upon to probably carry a little more of

the load than some other industries. He simply asked me to state

that he fully appreciated this and realizing and wishing you to

feel and to put yourself practically in the place of some of the

men who are in the trenches, and in that way he wished me to

try to convey to you and through you also to your respective dis-

tricts that the Fuel Administration and the Government are try-

ing to place you in that position in asking you for this co-opera-

tion. I don't think that there is anything further that I can state

except to thank you gentlemen and your Committee for per-

mitting us to be with you and to acknowledge the program which

you have presented.

Frank W. Smith : There is, perhaps, no subject in which a

large group of our membership is interested, that has been given

more publicity than the subject of this paper or report of your

Committee, namely, ''Wartime Lighting Economies." I have
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been asked by President Wells to present briefly the method em-

ployed by the National Electric Light Association in bringing

the conservation program of the United States Fuel Adminis-

trator to the attention of our membership.

You are, of course, familiar with this program as applied to

the manufacture, distribution, and use of incandescent electric

lamps to conserve fuel. This program which was promulgated

by the Fuel Administrator following a report made to and adopted

by him through a special committee appointed for that purpose

of which Mr. John W. Lieb is Chairman, has been given very

wide publicity and has, unquestionably, been a factor in the sav-

ing of coal.

The details of the recommendation made have been brought to

the public's attention, first by the Fuel Administrator in direct

communication with all interests involved; second, through the

instrumentality of the Lamp Committee of the Association of

Edison Illuminating Companies; by the National Committee on

Gas and Electric Service, and finally through the Lamp Commit-

tee of our organization, the National Electric Light Association.

Wide publicity has also been secured through the active opera-

tion of the daily and technical press. As I have said, all of the

members of this Society are, no doubt, familiar with the detailed

recommendations made by Mr. Lieb's Committee, adopted and

promulgated by the Fuel Administration. Our Association was

asked by the Administration to bring this program directly to the

attention of our membership and to secure active co-operation

in carrying out the recommendations contained therein insofar as

they were applicable to Central Station companies.

The Lamp Committee, to whom the matter was referred by our

Executive Committee, undertook to do this through the medium
of its monthly Bulletin, which has a circulation of 12,000 copies

or more among the membership, etc. This method was in itself,

more or less, a conservation measure in that we employed the

regular monthly organ of the Association rather than prepare a

separate printed pamphlet involving extra expense, postage, etc.

In order, however, that the matter might come directly to the

attention of Class A members, the Central Station companies,

we addressed to this class of membership a letter which was brief

and as follows

:
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To Member Companies :

Your careful attention is directed to the current month's issue

(Vol. 5, No. 8) of the Association Bulletin containing on page 470,

in full, the fuel conservation program promulgated by the United

States Fuel Administration, through the discontinuance of manu-
facture and renewal of certain types and sizes of inefficient incan-

descent lamps.

The Association has been asked by the United States Fuel

Administrator to lend its aid in carrying out this program, and at

a meeting of the Executive Committee held on Friday, the 13th

instant, the I^amp Committee was authorized and directed to bring

to the attention of the membership, through the medium of the

monthly Bulletin, the details of this program.

Your Committee was also authorized to address a communica-

tion directly to member companies calling attention to the September

issue of the Bulletin and asking for a hearty compliance with the

provisions of the program therein set forth.

Please make a careful study of the recommendations made by

the Fuel Administrator, and, so far as the same refers to Central

Station companies, undertake to comply therewith in every respect

possible.

It is urged that the widest publicity be given the matter either

in the daily papers, house organs, or other advertising media, and

through your sales organization to make the program thoroughly

effective.

Your Committee would greatly appreciate it if you would advise

what steps your company will take toward this end, putting us in

possession of copies of all advertisements or other data that you

may publish or issue on this subject.

Very truly yours,

Frank W. Smith,

Chairman.

The response to this letter has been immediate and most satis-

factory. To date we have had more than 10 per cent, of replies

and they are coming in daily. Without exception, the member-

ship expresses itself in hearty accord with the program and offers

to co-operate with the Fuel Administrator in every way possible

towards its effectual adoption. Many examples are given in

these letters as to the measures adopted. It is most gratifying to

report a considerable number of companies formerly making free

renewal of carbon and gem lamps, announcing their discontin-

uance of the use of these types of lamps. The method employed

by the companies in the main has, of course, been publicity. The

advertising columns of the newspapers have been largely used
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and the ordinary method of utilizing house organs, circular letters,

dodgers, etc., have been widely employed.

Time will not serve to review these methods, but one or two

examples might be given. In sections where there is a distinct

shortage of power, the methods of the Central Station companies

have been more drastic, and most of you are familiar with these

particular sections.

An advertisement was herewith exhibited of the Public Service

Company of New Jersey which addressed itself to both the gas

and electric consumers. The local companies here in New York

have used the newspaper columns to considerable extent. An
advertisement was shown of The York Edison Company, which

was dignified and to the point. The Edison, United, and other

companies here have circularized their customers directly as to

the desirability of economy and use of higher efficiency lamps,

etc. As most of you know, the local companies are now strictly

on a merchandising basis so far as the incandescent lamp business

is concerned and are not furnishing free renewals which was

previously done.

I have in my hand an interesting advertisement of one of the

Central Station companies
—

"Important Notice to all Users of

Electric Service"—which gives notice that in compliance with

the order of the Fuel Administration after October 15th, the

renewal of incandescent lamps will be discontinued, etc. Some
of the other ads. which are characteristic and of which we have

many samples are also interesting. One company uses the slogan

"Don't use the slacker carbon lamps."

A number of companies have utilized show window space to

promote the use of higher efficiency lamps and to draw compari-

sons between these newer types and the old fashioned and waste-

ful carbon lamp.

Another advertisement headed "Carbon Eamps and War Regu-

lations" directs itself particularly to the disadvantage of the use

of low efficiency lamps.

In bringing this program of the Fuel Administrator to the

attention of the gas and electric lighting companies, Mr. Eieb's

committee, the National Committee on Gas and Electric Service,

stated among other things that it was the intention of the Com-

mittee to prepare some suggestive material for advertising and
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other purposes for use by the companies, and the speaker under-

stands that the Society for Electrical Development has co-oper-

ated with Air. Lieb's committee in the preparation of this mate-

rial and that they have under way a series of advertisements,

dodgers, etc., which Mr. Lieb's committee is to utilize.

I see that Mr. Wakeman of the Society for Electrical Devel-

opment is here, and I hope he will have something to say as to

the character of this material.

In conclusion, Mr. Chairman, I should like to urge that when
this report of your committee is finally adopted by the Fuel

Administration, it be given the same wide publicity that the report

of Mr. Lieb's committee, to which I have referred, received.

This report on ''Wartime Lighting Economies" will tie in and

will amplify the present program of the Fuel Administration

covering, as it does, a wider field and range of fuel economy than

the mere question of the use of incandescent lamps. It is very

interesting in reading this report to note what simple, homely,

and ordinary (if I might use these terms) methods can be used

to accomplish real results in the economic use of fuel, and when
one realizes that only 2^^ per cent, of the fuel consumption in

the homes is devoted to lighting, we realize that the bigger econ-

omies can be accomplished in other directions than the mere ques-

tion of lighting.

The great difficulty is, of course, how to accomplish these

economies and how to bring home to the user the necessity of

such economies and the ease with which the same may be accom-

plished. Of course if it were possible to bring home to every

individual the necessity for doing the obvious and easy things

such as cleaning windows, cleaning fixture glassware, using

proper shades, and the many other directions pointed out here,

great results could be accomplished and more fuel would be saved

than through all the lightless night or signless night orders that

have been issued. It must be borne in mind that these orders

have been effective and have had good results. I would again

suggest and emphasize that the report of your committee as

finally adopted and approved by the Fuel Administrator be given

the widest publicity. Of course it goes without saying that the

National Electric Light Association will do its part in this work
and that as an organization representing our membership we will
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Stand back of the Fuel Administration 100 per cent, in putting

over their fuel economy programs.

J. M. WakEman : I don't know how closely the illuminating

engineers follow the commercial activities of the industry. But

I presume you are all familiar with the work of the Society for

Electrical Development, and probably all know of the Electrical

Prosperity Week and other big sales campaigns which have been

conducted by the Society; possibly it may interest you to know

that since the Government has requested that no sales campaigns

be conducted, the Society has diverted its activities into other

channels, and is devoting most of its time and attention to mould-

ing public opinion, educating the public to a greater appreciation

of the services rendered by public utilities, and endeavoring to

engender a spirit of co-operation between the public and the

public utilities. The Society has placed at the disposal of the

various governmental committees the large amount of data, statis-

tics and information which it has collected in the last five years,

and some of the Government committees have made use of it.

Mr. Lieb, as Chairman of the National Committee on Gas and

Electric Service, came to us, in view of our present activities, a

week ago, and asked if we would prepare a series of advertise-

ments to help along the campaign of more efficient and less

wasteful lighting. I naturally told Mr. Lieb that we were

ready to do anything we could to further the cause and I have

had prepared by members of the staff of the Society for Elec-

trical Development about twelve advertisements along those lines.

I submitted those to Mr. Lieb on Monday of this week, and he

has approved them. They are not yet in type, so that I could

not bring them with me, and the necessary cuts have not been

made because we have had difficulty in getting the artists who
are now working on the drawings for them. But they will be

made up into the form of a booklet nine by twelve, and dis-

tributed throughout the country for the use of Central Sta-

tions, jobbers, dealers, and others, as copy for their advertising.

The advertisements are, of course, addressed to the public, and

in them the public is asked to carry out the suggestions made
in this paper by your Committee on War Service. As Mr.

Smith was speaking and expressing the hope that this paper
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would be given wide publicity, it occurred to me that we might

possibly have the Illuminating Engineering Society print a suffi-

cient number of these papers for us to include one with each of

the booklets that we send out containing those advertisements,

because the argument why those advertisements should be used,

and suggestions for further advertising copy are right here in

this paper, and I think if you would supply us with a sufficient

number of them, we could include them with our booklet and

send them throughout the country, which would insure a good

wide publicity among all the lighting companies.

F. V. WestermaiER : At the request of the Fuel Administra-

tion, extended through the National Committee on Gas and Elec-

tric Service, the Committee on War Service of the Illuminating

Engineering Society prepared this report, containing suggestions

as guides for wartime lighting economies. If applied generally

these suggestions will result in considerable fuel saving.

Considering the fact that only 2^/2 per cent, of this year's total

coal output of 700,000,000 tons, about 17,500,000 tons, are con-

sumed in the production of artificial light, gas and electric, it is

evident that even the most drastic economies in lighting could

save only a small portion of the estimated necessary amount of

coal needed for extra war requirements. Obviously, therefore,

it is in the manifold uses of coal, other than artificial lighting,

that much greater economies must be taught, and practiced, if

the war ability of our nation is to be maintained.

Nevertheless, if any proportion of the coal used in the produc-

tion of light can be saved through judicious economies by just

so much is the production of coal assisted.

The suggestions made in this report are calculated to save fuel

as a war measure, through the elimination of waste in artificial

lighting. They are not to be confounded with the objects of this

Society which are the preservation of the principles of illumina-

tion and their application as requirements for safety, conserva-

tion of vision, esthetics, comfort, convenience and efficiency.

The maximum use of daylight is urged. Cleanliness of win-

dows and skylights, elevation of window shades, prompt removal

of screens after the fly season, light colored ceilings and walls,

whitened building exteriors, proper arrangement of working
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planes with respect to windows, all tend to a more efficient,

broader use of the natural illuminant, and a reduction of supple-

mental artificial illumination.

After the period of daylight, artificial lighting should be con-

fined to the use of only necessary numbers and sizes of lamps.

The use of the more efficient types of tungsten filament and

incandescent gas mantle lamps is urged. Carbon filament and

open flame gas lamps should be discarded ; the economies in fuel

consumption resulting from such changes are obvious. Also as

in the efficient use of daylight, cleanliness of light transmitting

and reflecting glassware means light and therefore fuel economy.

Properly designed and installed reflectors, also the white paint-

ing of wall and ceiling surfaces, all make for a reduction in light-

ing fuel consumption. A very proper warning is issued against

the removal of reflectors and shades from lamps as a means of

getting more light, but which really reduces visual acuity by glare

effect.

Furthermore, as a strict war measure, the use of lamps for

purely decorative effect is discouraged, although the retention

of a reasonable amount of display lighting is appreciated as a

means of maintaining the morale of the people.

The application of these general suggestions to store, hotel,

home, office, school, and industrial lighting is shown.

In the section devoted to industrial lighting is inserted the

table of lighting intensities required in industrial processes as

issued by the Illuminating Engineering Society and adopted by

the United States Bureau of Standards for the National Safety

Code, and Government plants. This table is. also incorporated in

the factoiy lighting codes issued by several of the State Indus-

trial Commissions. Safety and working efficiency require that

no reduction in lighting values below those given can be made
without serious impairment of necessary production.

After all, it lies with the individual to practice the economies

which this report suggests, if the desired results in fuel saving

are to be attained. Therefore, the information in regard thereto

should be given wide publicity.

W. GreEIvEy HoyT: I have the honor to appear before this
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convention by courtesy of Mr. George B. Cortelyou, President

of the American Gas Association, as a delegate from that body.

Any movement toward economical lighting has the unqualified

support of the gas industry; especially is this so in the present

emergency. The American Gas Association stands squarely back

of the Government to this end and will embrace every oppor-

tunity to evidence its purpose in this respect.

Quoting from the words of Mr. Cortelyou in his opening

address at the first meeting of the American Gas Association

:

"From the beginning of the world conflict the gas industry has

put its forces and facilities at the call of the Government without

selfish purpose or expectation of gain ; it has rendered incalculable

service, as official records at Washington will attest; it will continue

to do so and will keep step with other legions of American business

in the support of the Government at Washington and of our fight-

ing men across the seas."

The gas industry is intensively engaged upon many wartime

economies. In the lighting field might be mentioned, among other

activities, the very wide publicity which is being spread through-

out the country in advocacy of the use of gas through mantle

burners displacing the "fish tail" or flat flame light so commonly

used, which form of lighting is wasteful in the extreme and as

such uneconomical.

The public is being urged to adopt mantle lighting not alone

for the greater economy resulting, with increased illumination

and low cost, but as a patriotic duty in that the use of gas,

through mantle burners, will assist the Government in its endeav-

ors to conserve fuel.

These remarks, in brief, will serve to indicate the attitude of

the gas industry with respect to "wartime economies."

Iv. B. Marks : The paper calls specific attention to the desira-

bility of using daylight wherever possible, instead of artificial

light. There is one thought that occurred to me that might be

of value in this connection, and that is the dissemination of

information to the stores along the various avenues that by re-

moving obstructions from show-windows to permit daylight pene-

tration, a great deal of artificial light might be saved. An inves-

tigation conducted in 526 stores in this city, located on Second

Avenue from ii6th to 126th Street, on Second Avenue from 85th
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to 95th Street, and on Third Avenue from 117th to 127th Street,

showed that the show-window obstruction varied from zero to

100 per cent., and that the average obstruction of all of the stores

was 53 per cent. These results are assumed to represent an aver-

age condition on the avenues mentioned. This obstruction is due

in a large measure to the goods that are exhibited in the windows,

and also in a large measure to partitions and screens that are

located behind the goods. It was found that in a number of

instances it was possible to make a very radical improvement in

the lighting of stores by removing some of the obstructions from

the show-windows.

J. M. Wake)man : Mr. President, in regard to the subject to

which Mr. Marks just referred, I would suggest that you bring

that matter to the attention of an association known as the

National Display Managers Association. The President of that

association was on my own staff at one time, and I know that it

was the idea of all the men at the head of that association, that all

show windows should be enclosed, and they hammered that into

all their members at their conventions and in all their literature

and all suggestions which they sent out for display windows.

They always advocated that the back of the window should be

shut in so that the passer-by would not have his attention dis-

tracted from the contents of the window by being able to look

through it into the store. Therefore if you want to get anything

done in regard to changing this practice I think you should bring

the matter to the attention of the Display Managers Association.

A. J. SwKKT (Communicated) : Curtailment of sign lighting,

show window lighting and white way lighting is justified in part

by the saving in coal thereby made possible, on the basis that any

coal consumption, however small, which can be dispensed with

without economic loss to society in general should be so dispensed

with. The more important reason, however, for curtailment of

advertising lighting is for the psychological effect upon the people.

There are few measures which so effectively and so recurrently

as the curtailment of advertising lighting remind the citizen that

we are at war, that strict economy in every field and especially

in coal consumption is the minimum duty of every citizen.
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PROTECTIVE LIGHTING *

The Plant Protection Section of Military Intelligence was or-

ganized when the Government entered into large contracts for

supplies for military purposes. It became necessary for the

Government to co-operate with owners of contracting plants in

order to prevent interruption of production, by accidental fires,

acts of incendiaries or the results of operating plants which were

not properly guarded or lighted. This work also included the

protection of plants against the activities of alien enemies either

inside or outside the plant.

There are now 33 district offices of the Plant Protection Sec-

tion located throughout the United States. Approximately 35,cxx)

plants engaged in production of war materials are listed by the

Plant Protection Section as requiring attention. Representatives

of the Plant Protection Section visit and inspect these plants,

suggesting improvements in protection where practicable.

The Plant Protection Section has on its staff men skilled in

fire prevention and in police work. These men labor to avoid

damage to plants due to accident or malice. They inspect build-

ings, walk the fence lines, question plant guards and later hold

conferences with plant managers. In going from one plant to

another they collect and transmit valuable information as to pro-

tective measures.

About a year ago Dr. Hollis Godfrey, Commissioner, Council

of National Defense, arranged for co-operation of your Com-
mittee on War Service with the Plant Protection Section.

Among other things, this committee prepared a treatise on

"Protective Lighting" which has since been published by the War
Department. About 600 copies cf this pamphlet have been issued

by the Plant Protection Section. Numbers have gone out under

other auspices. These pamphlets have suggested inquiries some

of which are of a technical nature which 1 need not answer here.

The time is auspicious for this Society to devise means for hav-

ing its representatives in various cities to advise in matters of

protective illumination.

Illumination is not understood. It is the exception to find an
* Abstract of addresses by Edmund I,eigh, Chief of Plant Protection, U. S. Military

Intelligence. Addresses made as follows: Pittsburgh Section, April 26, 1918; New York
Section, May 9, 1918; New York Section, May 21, 1918; Annual Convention, October 10, 1918.
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intelligently illuminated plant. It would be advisable for your

Society to launch a campaign of education in this matter. Plant

managers must be informed of the need for protection and the

importance of physical defenses in safe-guarding their property.

They must be brought to understand that good fencing is a per-

manent and valuable investment. The combination of a well-

made unclimbable, and, above all things, a properly illuminated

fence together with a well-lighted entrance and a good watch

service afford effectual protection against damage from outside.

Plant managers are commencing to realize the value of such

protection and are learning that the installation of good lighting

and good fencing mean economy in watch service and a saving

in insurance premiums.

My experience in police w^ork has brought knowledge of the

importance of darkness and light in the commission and preven-

tion of crime. A few years ago a railroad suffered from lar-

cenies in a certain yard. Patrols on regular beats failed to stop

the larceny. We finally placed a lamp at the far end of the yard

and located a watchman at the other end, and promptly discov-

ered and apprehended the thieves.

Good lighting is not studied as carefully as it deserves to be

by those interested in protecting property. By some of the old

school it is looked upon more or less as an innovation along

extreme lines—a fad—while there are others who use it in

homeopathic doses without giving any careful study to the ques-

tion of protective lighting as a whole.

There are certain standards to be observed in good lighting

which, in their own way, are just as important as standards in

other lines. One of the agents of Plant Protection recently

reported that the lighting at a big Government plant was so poor

that it blinded the sentries on duty, the shadows being so deep

and the lights so intense that it would really have been better if

there had been no lighting at all.

In the first place, each section of any given property has its

own problems, whether it is in the outlying districts, in the imme-

diate vicinity of buildings, or within the buildings themselves.

It is worthy of note that in employing protective lighting, the

principle employed is to obtain strong contrasts between objects

which it is desirable to see and their backgrounds. In camouflage,



protective; lighting 413

for instance, the intent is to blend the background with the object.

Light protection is just the reverse. In this regard, it is interest-

ing to note that some backgrounds reflect much larger volumes of

light than others : For instance, a brick v^all gives off less re-

flected light than a wall painted green, while, of course, a white-

washed surface helps to show up better than other surfaces.

Now, in adapting lighting to such surfaces, we employ far less

light where we have white surfaces to deal with than when we
have dark red ones.

Generally speaking, it is the object of protective lighting to

make all surfaces in the property reflect as much light as possible,

so as to exhibit persons approaching them by contrast. Another

principle of protective lighting is to so locate lights as not to

blind the guarding force. These lights, if bright, should be

screened in such a way that the eyes of the guards are not cen-

tered upon the source of light instead of upon the objects to be

lighted.

To install a system of protective lighting in any property, a

number of important facts must be ascertained in detail. One
cannot simply glance over a blue-print and put in a lighting

system. A minute and careful inspection is required, and this

should cover night-time conditions. All reflective surfaces

throughout the property must be considered and noted, these

surfaces covering buildings as well as spaces between; also large

piles of materials. Outlying and surrounding property and its

relation to the property to be guarded must also be considered.

Naturally, source of lighting supply, volume and intensity, must

also be considered, together with distribution. Proper protection

also involves whether or not there can be installed an auxiliary

source of supply.

^ Weather conditions, especially fog, affect lighting, of course,

and much depends upon climate. Suggestions have been made

for penetrating fog with yellow light; but, so far, these experi-

ments have not been successful, and, where fog is persistent,

thick, and more or less permanent, the only safe reliance is addi-

tional guards to meet the unusual condition.

The main object is to eliminate dangerous shadows from the

area comprised within the pale of the lighting system. I have

often found what appeared to be excellent lighting conditions

4
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defective because, here and there, in between important build-

ings, or running along the boundary lines of the property, there

will be deep shadows in which persons plotting harm may lurk.

Safeguarding the system of lighting supply—so that it cannot

be tampered with, or be injured by unauthorized persons—goes

without saying. It is singular, however, that at times we find

excellent lighting systems installed carelessly in this respect.

Only the guards, or duly authorized persons, should be acquainted

with switch locations for illuminating the property. This applies

also to special units for particular areas.

We preach the value of permanent good fencing and permanent

good lighting. We go farther, and where the plant has installed

a searchlight we urge them to add another, making the one

auxiliary to the other so that if one is out of commission, the

other may be used, and both may be employed in times of fog or

emergency. It is difficult for us to indicate any standard method

of lighting. My advise to plant managers is to send for an

illuminating engineer.

An illustration of our work in this connection is the case of an

$80,000,000 powder plant of recent construction. We arranged

to have all wires buried. In addition to the ordinary lighting,

on an adjacent hill there is a large searchlight which will com-

mand any part of the buildings and grounds. Every 300 yards

there is a watch tower with a searchlight on top. These search-

lights are for use only in emergency. Each tower has a telephone

service, one connected with the other. The men in the towers

have a view of the building interiors which are all well lighted,

and the men in the buildings look across the yard to the lighted

fence line and so get a silhouette of persons or objects in between.

The most vital parts of the buildings are surrounded by three

fences. In the nearby woods the underbrush has been cleared

out and destroyed. The trunks and limbs of trees have been

whitewashed. No one can walk among these trees or between

the trees and the plant without being seen as a silhouette.

Plant managers are in a receptive mood for protective lighting

right now. Illumination for protection, both exterior and interior,

is ready for development by this Society. I say flatly that I

know of nothing that is so potential for good defense as good

illumination and at the same time so little understood.

I
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Aside from the use of protective lighting for the purpose of

augmenting safety from alien enemies, there is an entirely differ-

ent aspect of the work which might be mentioned: this is the

necessity for good lighting from a good housekeeping standpoint.

Good lighting has much to do with the showing up of sanitary

and other conditions ; it also affects the percentages of accidents,

for, where there is poor lighting and there are deep shadows,

there are sure to be a number of accidents. So, merely from
welfare elements alone, we must see the necessity of good
lighting.

DISCUSSION.

F. V. WESTERmaier: My connection with the work of the

Committee on War Service has been one of the most enjoyable

experiences I think that I have ever had in semi-public work. It

seems to me that one of the mistakes made in the efforts of the

various administrations to encourage conservation has been in

not giving sufficient publicity to the plausible reasons for the

rulings made. I believe that as a class, or as a people, Americans

are all amenable to reason. There have been so many excellent

suggestions made in regard to the conservation of fuel, that if

given the proper publicity, in which the psychological influence

of light could figure profitably, they would be taken up by the

people in the same spirit in which th'^se measures are born. So

it seems to me that the suggestions which have been made before

this, in regard to publicity, should be given serious thought, and

be put into practice. If we could get all the people to think

about how light can be properly used and therefore how fuel

can be saved, by cutting out extravagance, very material results

would accrue, notwithstanding the almost impossible problem of

trying to save so many million tons of coal per year on lighting.

There is extravagance all around, and if we analyze that extrava-

gance carefully, we will find that the best interests of the Society

will be conserved through publicity in showing people especially

during these times how to use this wonderful product of fuel

efficiently and properly.

R. B. Burton: Mr. Leigh's remarks on protective lighting

were very interesting to me, in view of my having spent consid-
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erable time on this kind of work recently. I notice Mr. Leigh did

not make mention of the very comprehensive and inteUigent

bulletin recently published by the Adjutant General's Office of

the War Department, on this very subject. This bulletin was

compiled and edited by the members of this Society, specially

appointed by the Government to report on better lighting methods

for various war purposes. Those members interested in plant

protection lighting who have not seen this bulletin, should obtain

one for their information. I think it unfortunate, that this bul-

letin has not been more generally distributed, especially to the

Works Managers of various plants turning out Government or

essential war product.

During the last two weeks, I have been in consultation with the

plant engineers of three large industrial corporations on the sub-

ject of plant protection night lighting. In each instance, this

bulletin had not been seen or received by the superintendent,

although these plants were engaged in war work exclusively. I

think this bulletin with the instructions given therein should be

given more publicity.

H. Thurston Owens : It has been stated that steel reflectors

have been regarded by the Government as a non-essential. This

means that the actual, and not the theoretical, saving in coal and

the increase in production will actuate the War Industries Board

in formulating a decision as to the curtailment in the steel re-

flector industry. Demonstrate that you can do something worth

while, and the material will be available.
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PRODUCTIVE INTENSITIES *

BY WM. A. DURGIN.

From the tumult of conflicting and sometimes almost frenzied

cries that food will win the war, or that ships, or Liberty Bonds,

or the irresistible surge of the Yanks are the ultimate factors, it

has gradually become clear that each of these is but a partial

statement of the truth, that the war is to be won by essentials,

and may yet be lost by non-essentials.

Coincident with this clearing of the fundamental question has

been a stiffening of individual determination until every true

American is fired by the burning desire to make himself essential.

Many have been able to accept the simple and final solution of

this desire by enlistment. Others, kept at home by non-combatant

mouths which must be fed or by physical incapacities which

cannot be ignored, are still held to the daily routine of business,

and have used their best imagination to so apply their especial

skill and knowledge as to make their little activities a vital factor

in the complete and lasting defeat of the cruel madness of the

Hun.

This spirit, the finding and perfecting of the essential applica-

tion, has been marked among lighting men. The reports of the

Society's contributions through its committees to particular light-

ing problems are, I believe, typical of the spirit of the industry.

But only a comparatively small number of men can give valuable

aid in such special research work, while several army divisions

of those concerned in the production of lighting equipment, in

the Central Station supply of energy, and in the effective appli-

cation of light, have chafed and fretted for real opportunity.

Looking to our several Government Bureaus for direction, we
have indeed found some ways in which to help. The wise and

complete program for elimination of waste in lighting has secured

our whole-hearted support. The educational use of the reaction

of lightless nights has stirred some satisfaction in its implied

acknowledgment of the value of lighting in producing desired

mental states.

* A paper presented at the twelfth annual convention of the Illuminating Engineer-
ing Society, New York, October 10, 1918.
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But the war winning effect of all these measures after all seems

a bit remote to the man filled with the fighting spirit. He wants

direct action, he wants to apply light to war, and after careful

survey of the field, he naturally turns to the production of war

material as his real opportunity. How can light be used to make

faster ships, more deadly shells, safer gas masks, sharper bayonets,

and especially how can light help to produce these at once, while

the spirit of victory is with us? Obviously this is no time for

hair-splitting, but for prompt, definite, effective work. The ques-

tion is not : What form of lighting installation will give the most

perfect manufacturing results? That sort of problem has occu-

pied our Society for some dozen years, and as I hope to convince

you the result upon average practice has been hardly epochal.

Our problem is rather : How can we alter existing equipment,

quickly, at small expense, to secure a real economic war benefit

to our country?

The beneficial effects of lighting in its industrial application

have never been stated more clearly than in Professor Clewell's

analysis published some six years ago. "Good lighting," he says,

"increases production, improves accuracy, decreases accidents,

removes eye-strain, makes general surroundings more cheerful,

adds to the comfort of the workers, results in better order and

improved neatness, and conduces to effective supervision." These

claims every man believes who has had opportunity to observe

the results of improved lighting. Indeed, there is now a semi-

official backing, for if lightless nights have sobered us, surely

improved lighting may be expected to spur us on. But improved

lighting has been before the country for nearly ten years, and it

would seem that is time enough to have secured realization of

the truth if that truth has any large economic value, unless, per-

chance, it has not been properly presented.

In the crisis of war, from the viewpoint of the manufacturer,

hard pressed to meet Government contracts, Professor Clewell's

eight heads reduce to one: Good lighting increases production.

For with omnipotent Government inspectors enforcing necessarily

strict tests, improved accuracy means a greater proportion of

output accepted. Decreased accidents mean less time lost, fewer

men leaving for other work ; decreased eye-strain, better product,

longer production hours; cheerful surroundings and increased
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comfort, retention of a full force of men; order and neatness,

quicker and better execution ; and more effective supervision, the

elimination of mistakes, and especially of long unproductive con-

versations on the pleasurable expenditure of enormously increased

pay.

For war, then, we claim that good lighting increases produc-

tion and we have three questions before us

:

1. Are the war plants well lighted now?

2. Is our claim of increased production really important?

—and if so,

3. How can we apply our knowledge quickly, cheaply,

effectively ?

In attempting to answer these questions in Chicago, we have

considered ourselves most fortunate in having a fairly definite

criterion for good lighting as established in the latest revision of

the I. E. S. factory code. This, with the several published com-

mentaries and the Wisconsin modifications, emphasizes princi-

pally a sufficient intensity of light in the working spaces and effi-

cient accessories such as will reduce brightness contrasts to an

acceptable degree. While the formulation of the latter require-

ment is still disappointing in its indefiniteness, it at least gives

some basis for judgment, and a slight experience with existing

plants shows it so far in advance of average practice as to be

quite sufficient for our immediate need.

With three engineers carefully instructed in these intensity

and brightness standards, we have undertaken an illumination

survey of every industrial plant using Central Station service in

Chicago which has a connected load of 100 kilowatts or more.

At present, there are 663 such plants, of which we have surveyed

93. To be sure these are not all war industries, but a surprisingly

large part are doing at least some war work, and there is no easy

way of grouping the customers without a visit to the plant when

it is almost as simple to continue the investigation and obtain

complete data.

The 93 plants thus far surveyed total 17,400 employees, cover

a floor area of 96 acres, and aggregate a lighting load of 1,420

kilowatts. While the survey is largely inspectional, listing the

number, style and condition of units used, and applying arbitrary
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Utilization factors to obtain the intensities produced, very con-

siderable confidence is felt in the average results which show a

mean of i^^ foot-candles now in use with variations from o.oi

to 10 foot-candles, and an average consumption of 0.33 watt per

square foot and 80 watts per employee. For these same plants,

the I. E. S. code would provide an average intensity of 5.5 foot-

candles, 3.66 times the present level. The intensity would vary

from 2 to 12 foot-candles; the average watts per square foot

would be I, and the watts per employee 240, or 3 times the

present consumption.

This showing of the extreme inadequacy of intensity, judged

even by the conservative I. E. S. standard, when our industries

should be working at their maximum production or not at all,

seems striking enough, but when the element of proper shading

is considered, the opportunity of the lighting man becomes

unquestionable.

The average of 13^ foot-candles is produced principally by

units shown in Fig. i. These are not historical exhibits of the

beginning of industrial lighting, but actual typical examples taken

from large factory installations in exchange for new equipment

last week. Similarly, Fig. 2 is not of Edison's early installations,

but of conditions in two large plants just a few months ago. If

our contention that good lighting increases production is true,

here is a field second to none in its demand for Government

^enforcement of true conservation measures, but is our claim true.'^

Again we have attempted to secure unbiased engineering data.

As our engineers in making the lighting survey approach the

plant superintendent without attempt to sell lighting or to intro-

duce any commercial argument, but simply to secure the actual

facts of his present installation, so we have endeavored to make
unbiased engineering tests in representative plants to show the

actual effect on production of increasing intensity and decreasing

glare.

Such tests are much more difficult than at first thought appears.

Our revised program contemplates a four months run, the first

month with the equipment as it exists; the second with proper

equipment to give 50 per cent, higher intensity than the maxi-

mum recommended by our code; the third month at the lower

code level for ordinary practice or what is generally considered
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Fig. 2 — I^ighting produced by such units as shown in Fig. i.
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good present practice; and the fourth again at the higher or

productive intensity level. For such a test, the plant production

records must be accurately kept and a fair percentage of the

work must be done in hours of darkness. The chief difficulties

are two : ( i ) To find plants with adequate production record

systems, and (2) to induce the plant to return to the lower level

of intensity at the end of the second month of the run after the

advantage of good lighting has been once experienced.

Thus far we have sold the productive intensity idea and neces-

sary equipment to eleven plants. From two of these we have

secured reliable data. The first has already been noted briefly

in Mr. Millar's paper on "Lighting Curtailment." The test was
run in a machine shop producing soft metal bearings, operations

ranging from rough to fine. Only two months of the program

were run, but in the month at which the intensity was maintained

at 12 foot-candles, production in the several operations was in-

creased from 8 to 2J per cent, over that of the previous month
when an intensity of 4 foot-candles was used. In this instance

general lighting with deep bowl reflector equipment was employed

for both intensities and every precaution taken to eliminate com-

mercial bias. The superintendent was so impressed with the

value of the higher intensity that he had it extended to the other

floors of the building. In the second accurate test, the program

could not be followed carefully, the comparison being between

bare lamps on drop cords and a properly designed reflecto-cap

installation. The new equipment gave about 25 times the inten-

sity previously used, and showed an increased production of from

30 to 100 per cent, in the several operations of a large pulley

machine shop. Again the superintendent was enthusiastic. In

the other nine plants it has been impracticable to run tests, but

in every case the superintendents and owners are fully convinced

of the truth of our statement that the average effect will prove

at least a 15 per cent, increase in production at an increased cost

of not more than 5 per cent, of the pay-roll.

The investigation which perforce was allowed to lapse upon

the entrance of our country into the war has been renewed with

increased earnestness as it was realized that here lay the great

opportunity for Central Station lighting business to serve.

We have three further test installations now under way, and
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every plant surveyed is canvassed as a prospect for such test.

We purpose to include at least 10 industries of as widely varying

character as possible, bearing the expense of the trial equipment

with the understanding that if the owner is convinced of its

value, he will purchase after the test at our regular prices. But

we feel that the data already at hand as supported by experience

of lighting and industrial men in many cities is sufficient to

w^arrant the acceptance of the proposition. There has been no

slightest indication in the figures thus far that our claims are

optimistic. On the contrary, it appears that the effect of sufficient

light as a real productive element is a much greater economic

advantage than we have appreciated. The need is pressing, and

we cannot wait for complete proof ; rather as in all war questions,

we must accept that which is probably true, and pursue the

chosen path vigorously and fearlessly.

For the period of the war good lighting in factories must

become our principal objective, and to secure it we must be con-

tent wath passable rather than perfect embodiment of the prin-

ciples we have established. To get results quickly, it is imprac-

ticable to secure the absolute best equipment for each installation.

In our own company, therefore, we have adopted definite speci-

fications employing three general types of equipment

:

(i) Gas-filled lamps with steel reflectors and eye-shields

in the 200-, 300- and 500-watt sizes.

(2) Gas-filled lamps with deep bowl reflectors for extreme

mounting heights.

(3) Vacuum lamps and deep bowl reflectors for certain

drop cord applications.

Our effort is concentrated upon the first class, examples of

which are shown in Fig. 3. In using these eye-shield units, it is

of first importance that the shields be sealed in place and only

removable by the foreman or other authorized employee, for the

ordinary workman believes but one part of the code. He wants

more light, but he knows nothing of the effect of excessive bright-

ness contrasts, and if left to himself will remove the shield as a

useless obstruction. Recent installations of all three units are

equipped with such sealing wires.
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Fig. 4.—Productive intensity lighting in plants shown in Fig. ?. I'pper figure using
200-watt reflecto-cap units, and lower figure using 300-watt eyeshield units.
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Of the three we are especially emphasizing the 300-watt unit.

It has an exceptionally high efficiency; a maximum brightness

of 7,500 millilamberts on the interior of the diffuser ring, and is

well adapted to installation on present outlets. This we feel is

a particularly important consideration for the war drive. In

many plants it is hardly possible to re-wire now ; in others it is

very questionable whether such re-wiring is warranted. But

with this unit giving its maximum candlepower at the 50° angle,

it is entirely practicable to produce reasonably uniform lighting

with spacings of 14 to 16 ft. at mounting heights from 10 to 16 ft.

Where 12 to 18 ft. mounting heights above the floor are pos-

sible, spacings as high as 20 ft. can be used with 500-watt unit,

with an acceptable result in uniformity of intensity and diffusion

of light. This unit likewise, has a high efficiency and a maxi-

mum brightness of 2,300 millilamberts, view of the interior of

the ring being largely cut off by the blades. The comparison

between this approximation and the ideal is shown in Fig. 4.

The 200-watt reflecto-cap units are on lo-ft. spacing—the 300-

watt units on i6-ft. spacing at about the same mounting height

with remarkable resultant uniformity. Again it may be empha-

sized that our object is not ideal illuminating engineering; it is

practical application with as little change in wiring as possible

to the end that transporting and protective fighting equipment

may be produced with the speed which characterizes the advance

of our victorious army. In these installations we are to secure

productive intensity quickly at minimum expense with equipment

which will continue to supply that intensity during its life.

Of primary importance, therefore, is the ease with which such

equipment can be maintained. With the drop cord units of Fig. i,

bare or shaded by the tin dirt collector, even the extremely

serious defects in intensity produced and brightness contrasts

permitted are hardly as important as the extreme inefficiency

which results after the machine has spattered them with oil, or

the workman has manipulated them with dirty hands. We have

tested several such units taken directly from factories, and have

found the utilization efficiency less than 25 per cent. Now if

coal saving through lighting is important, surely the maintained

efficiency of large sources which can be reached only by regular

maintenance men is worth our Government's consideration.
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Maintenance of the lighting equipment in war work on a regular

schedule should be made a part of the Government's mandatory

supervision. It is best done by employees of the plant affected,

but pending the Government's action, we are endeavoring to

maintain factory installations in Chicago at cost, using our own

men and visiting each plant at least monthly.

Surely the argument thus briefly summarized is valid from the

manufacturer's viewpoint. With cold weather approaching and

fuel none too plentiful there is, however, another viewpoint from

which productive intensities must be considered. Admitting that

output is increased at a negligible expense to the plant concerned,

what is the effect on coal consumption? Productive intensity in

general will mean three times the present consumption of elec-

trical energy in industrial lighting. If output is increased 15 per

cent., is that consumption warranted? For the 93 factories pre-

viously considered, the total consumption per month is 4,826,000

kilowatt-hours; of this 203,000 or 4 per cent, is used for light-

ing. To secure our productive intensity level would require a

consumption of 640,000 kilowatt-hours, 13 per cent, of the present

total or a 9 per cent, increase in fuel consumption. Fifteen per

cent, output for 9 per cent, fuel is worth while in itself and will

certainly appeal to the Fuel Administration. But when it is

remembered that without that 15 per cent, output only 85 per

cent, of the possible maximum fighting equipment will be in the

hands of our boys for the final drive next spring, that without

that 15 per cent, output perhaps 15 per cent, more lives of

American youths must be sacrificed, the immediate realization

of productive intensity throughout our industries becomes the

essential service of the lighting men.

DISCUSvSION.

Preston S. M11.1.AR (Communicated) : One might epitomize

Mr. Durgin's paper as follows

:

A practical way for the civilian lighting engineer to contribute

toward winning the war is for him to bring about the installation

of good lighting systems of relatively high intensity in industrial

plants engaged on war work. To do so is to increase production.

A survey of 93 plants in Chicago shows an average of i J/2 foot-

candles with an average consumption rate of Yz watt per square foot
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and with unscientific lighting equipment generally prevailing. The
Illuminating Fyngineering Society's Code of Factory Lighting calls

for good lighting equipment producing three times as much light.

There is ample evidence to show that the provisions of this code

are low and that for best economy and utmost production materially

higher intensities are preferable. The best information available

indicates that for the 93 factories investigated, trebling the lighting

intensity and using scientific lighting equipment will increase the

output by 15 per cent, with an increase of 9 per cent, in the fuel

consumed by the plant. In this emergency 15 per cent, in output is

worth more to the country than 9 per cent, in fuel.

This paper of Mr. Durgin emphasizes a fundamental which

is very important to the industrial success of the country in war

and in peace. It carries a truth which it is the patriotic duty of

the Illuminating Engineering Society to drive home. Whether

viewed with respect to its importance to the war ability of the

nation or to the economic industrial success of the nation, or to

the prevention of accidents, or to the conservation of vision, the

conclusion is the same. Industrial lighting of high intensity which

eliminates glare is important in the same way that good tools are

important.

From the point of view of fuel conservation the paper has an

application beyond that given by its author, and one which should

not be overlooked in this connection. The necessary output must

and will be obtained whether the lighting is good or bad. If pro-

duced under poor lighting at a production rate less than it need

be, there will have to be 15 per cent, more plants or the plants

will have to work 15 per cent, longer hours than would otherwise

be the case. In that event the fuel consumed in order to obtain

this 15 per cent, output will presumably be something like 15 per

cent, greater. The choice is therefore offered of increasing pro-

duction by 15 per cent, through good lighting at an expense of

9 per cent, fuel, or with poor lighting at an expense of about 15

per cent. fuel. With good lighting the production rate per ton

of fuel is greater. In order to save fuel therefore industrial light-

ing should be good and of high intensity.

Ward Harrison : As I listened to the last three papers I was

much impressed with the accent that each one put on the impor-

tance of using good reflectors. At the same time I have heard

it stated more than once during the last few months, that if the
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production of metal reflectors were to be suspended during the

war a very considerable economy in steel could be effected

thereby. As a matter of fact, I believe that the total quantity

involved is something like 2,000 tons of steel per year, and it

occurred to me that you might be interested in knowing just what

relation this bears to another possible economy. We have it on

the best authority that the shortage of steel is due to the shortage

of coal.

In the average modern factory interior a 200-watt lamp with

metal reflector produces as high an illumination as a 300-watt

bare lamp. Where ceilings and walls are dark, as in a steel mill,

the additional wattage required in a bare lamp is much greater.

For a plant operating twenty-four hours a day the difference of

100 watts per lamp means a saving of from 1,600 to 2,400 pounds

of coal annually, which is sufficient to make 400 to 500 pounds

of finished steel, or 150 times the steel required for making the

reflector. If lamps were burned an average of only one-half the

time required for all-night operation, 2,000 tons of steel made up

into reflectors of this size would save 1,000,000 tons of coal

annually, or enough to make from 200,000 to 250,000 tons of

steel.

H. A. HoRNOR (Communicated) : The conditions in the vari-

ous factories in Chicago so interestingly described by the author

certainly point to the necessity for a more intensive propaganda

for productive lighting on the part of our Society. He realizes

as we all do that from our standard of lighting the workshops

of our country were sorely in need of better illumination. I^ike

many things which war has brought to the surface his paper

indicates that there was no lack of enthusiasm on the part of the

patrons whom he served in the realization of the output obtain-

able through the instrumentality of the illuminating engineer.

I do not consider that the membership of our Society can be

charged with infidelity in the pursuit of the objects for good and

effective factory lighting so well defined six years ago by Prof.

Clewell. There are always two parties or more in the comple-

tion of a contract. Mr. Durgin in the latter part of this paper

indicates the cause of the lack of completion of such a contract

when he states the difficulties encountered in the factories experi-

mented with due to the non-installation of production records.
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This lack of account keeping for engineering purposes undoubt-

edly forms a large part of our economic waste. It should be

emphasized that in our efforts to aid in better lighting we have

laid our finger upon an equally important consideration. As in

many other lines the managers of factories are willing enough

in spirit, but lack the knowledge of the advantages to be gained

in the application of better methods. The managements of com-

panies of all kinds concentrate their minds upon the product

which is the instrument by which they derive a revenue and a

profit. On the other hand they little heed those who have care-

fully studied the subject which has nothing to do with the actual

product of the factory and yet is a factor in increasing the output

with a small expenditure in money and effort.

During the period of the war it has been my business to observe

the entrance of a good many men into a field of industry which

was very small at the opening of hostilities, but which has ex-

panded many times within the last year and a half. I refer to

the shipbuilding industry. Prior to the war I had suggested that

the output of shipyards could be increased many times by oper-

ating both day and night. I was informed by the management of

one yard that it was impossible due to the nature of the work to

erect a steel ship by artificial light.

I was called upon as a consultant for a new yard. This same

question arose. It was solved in a practical manner. The light-

ing units which were then available were not adaptable for the

purpose. This made necessary the building of special outfits to

secure the proper results. My friend Mr. I. S. Schlesinger had

this work in charge and I present herewith several illustrations

of portable fixtures which he has built. He is now using them

for the purpose of overcoming the difficulties involved by the

casting of heavy shadows by the scaffoldings surrounding the

steel ship in the course of erection.

One of the difficulties in such an application is that the ship

structure grows very rapidly under erection because of the large

pieces which are handled at one lift. This makes necessary

portable lighting units sturdy enough to endure rough usage and

sufficiently light for rapid transfer.

In this particular field it has not been possible to collect data

showing the increase of output. The reason for this is obvious
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as all the efforts of the shipyard during the war have been con-

centrated upon the rapid construction of ships. It v^as not pos-

sible to undertake any special engineering experiments at this

time.

Mr. Durgin's investigations in Chicago are deserving of a con-

tinuance in the approaching period of peace. It will be necessary

now to vastly increase the output of our factories, many of which

were non-essential plants during hostilities. Under the economic

stress now before us every form of conservation must be as

zealously enforced as during the war period.

The author is to be congratulated upon the clarity of his pres-

entation and the interesting field in which he is pursuing his

labors.

J. R. Cravath (Communicated) : The experiments being car-

ried on by Mr. Durgin and his associates are of the greatest prac-

tical importance. I am inclined to think, from the results already

obtained by Mr. Durgin, and also from other confirming tests of

a rather indefinite character, that too much weight has been given

in the past to visual acuity tests, in which it is determined that

after an illumination of i^ to 3 foot-candles is obtained there

is very little gain in additional intensity. It is perfectly true that

illumination of a character which produces glare from the work
may be better if not carried to high intensities, but no such limi-

tation exists on well-diffused illumination. For example, an

illumination of 40 foot-candles by daylight from a North window
is not complained of as being too intense. Again, the intensity

of illumination is not necessarily a measure of the brightness, and

it is brightness which counts with the eye. The fault has been

with the interpretation of laboratory data rather than with the

data.

The psychology of higher intensity lighting has been heretofore

recognized only in a very indefinite way, probably because our

data upon it has been very indefinite. It is beginning to be in-

creasingly evident, however, from tests like those of Mr. Durgin's,

that there is an element besides the mere ability to see clearly.

There is undoubtedly a sitmulating effect in higher intensity light-

ing. We know it to be true in nature with sunlight, and there is

every reason to believe that the same principles hold in artificial

lighting.
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THE RELATION BETWEEN LIGHT CURTAILMENT
AND ACCIDENTS *

BY R. E;. SIMPSON.

One of the curious features of the war is the knowledge we
have gained as to the comparative importance of various products

or activities on winning the war. We have been told that coal,

food, ships, aeroplanes, artillery—to mention only a few—will

win the war. In fact, so many things have been mentioned that

a visitor to this country facetiously remarked that naming them

had assumed the proportions of a national pastime. Anyone may
well hesitate therefore to add to the list of individual war win-

ning essentials, but there can be no objection to directing atten-

tion to an item, the adequacy and proper control of which will

have a vital bearing on the duration of the war, at least, and that

is the ability of the home industries to provide the means whereby

our army and navy may be made to function most effectively.

Failure of our industrial man power and woman power to sup-

port our military and naval forces, results in a corresponding

curtailment of the war ability of the nation. Anything that has

a prejudicial effect on the output of our war industries must be

subjected to a searching investigation, and the proper remedy, if

such can be found, applied forthwith.

Even now there is an acute shortage of both skilled and un-

skilled labor, which is being made up, so far as possible, by the

introduction of women into industries heretofore closed to them,

and by drawing on men from non-essential occupations. This

process must continue as fast as women can be trained, and as

rapidly as we can determine just what industries are non-essen-

tial. The recently enacted law extending the ages for selective

service will have the twofold efifect of withdrawing more men
from industrial pursuits, and at the same time of placing greater

burdens on manufacturers of war materials. In order to alleviate

the present labor shortage, and the threatened future decrease in

the supply of workers, a nation-wide labor adjustment must take

* A paper presented at the twelfth annual convention of the Illuminating
Engineering Society, New York, October 10, 1918.

5
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place. In addition to this there must be a policy of conservation

of labor, and the elimination of wastes and leaks, in the follow-

ing out of which accident prevention will be an important factor.

The significance of the last statement will be readily appre-

ciated if we consider the effect of accidents in terms of time

lost. From the published statistics of a number of states, together

with conservative estimates for the remainder, we find that

approximately 25,000 persons are killed or permanently disabled,

500,000 seriously injured, and 1,000,000 slightly injured, each

year. Translating these figures by means of the accident severity

rates we have a total of 180,000,000 days of lost time. This is

equivalent to the loss of the services of 600,000 men for a full

year of 300 working days. This economic loss is distributed over

the entire country during a period of one year, and for that

reason its effects are not so keenly felt, or its importance recog-

nized. If, however, this loss were concentrated on any one of

our basic war industries, as for example, shipbuilding, steel mak-

ing, muntion manufacture, or coal mining, it would be nothing

short of a national calamity. Even distributing this loss among
the four industries named would seriously cripple all of them,

and its effects would shortly be reflected by conditions at the

battle fronts.

It is apparent that we have here an important factor touching

on the supply of labor, and anything that can be done to curtail

this economic loss is worthy of careful consideration. There is

a certain percentage of unavoidable accidents—that is, man's

prevision is unable to cope with unknown factors, and this is

especially true of pioneer work. The best that can be done is to

profit by experience, and endeavor to prevent the knowledge and

experince thus gained from lagging behind practice. A large

percentage of accidents may be classed as avoidable in the sense

that the application of mechanical safeguards and the observance

of safety rules will prevent them. Anything in the form of a

practicable guard, of safety education, or of safety regulations

that will protect the worker from injury should be welcomed by

the plant manager to-day. Past investigations have indicated

various influences on the causation of accidents, and prominent

among these is industrial lighting.
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A survey of 91,000 accidents from the records of The Trav-

elers Insurance Company for the year 19 10 shovi^ed that 23.8

per cent, were due to improper or inadequate illumination. Bear-

ing in mind the progress in the art of illumination during the

past eight years, it is hardly possible that this percentage prevails

to-day. New factories are lighted by up-to-date equipment, while

many old plants have had their lighting systems brought into

conformity with modern practice. These are steps in the right

direction, and are bound to be reflected in the accident rate.

Offsetting this, to a certain extent, is the practice of many plant

managers of substituting high efficiency lamps, both gas and
electric, for low efficiency lamps, without providing adequate

reflector protection. Notwithstanding the vast amount of expert

advice that has appeared in the technical journals devoted to

specific industries, there are literally thousands of plants that

have not profited by this advice. The directing personnel of

these plants, from managers to sub-foremen, do not seem to

appreciate the difference between light and illumination, between

a reflector and a wire guard.

There is some foundation, however, for assuming that 18 per

cent, of our industrial accidents are due to defects in the light-

ing installation. On that basis the services of 108,000 men for

one year are lost annually, because the illumination provided is

not adequate for the safety of the workers. That this condition

should exist year after year is all the more reprehensible because

of the fact that the remedy is so easily applied and has beneficial

results in many ways other than in the element of safety involved.

Accidents caused by carelessness, inattention, or ignorance can

be eliminated only by a long continued, painstaking educational

campaign often involving a change in long established habits.

The elimination of accidents due to inadequate or improper light-

ing is simply a matter of purchasing approved equipment and

installing it under competent direction. In fact, it seems proper

to include illumination in the list of mechanical safeguards, for

the reason that the lamps and reflectors provide the guard

—

illumination—to point out the hazard, just as effectively as a

railing points out the danger of and provides protection against

the hazard of a revolving flywheel. The sum involved is insig-

nificant when compared with the accident claims, or the lost
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profit on the product of the labor, or the value of the product

itself.

Anyone who makes an extended survey of the lighting condi-

tions of our industries will inevitably be impressed by the much

larger percentage of improper installations when compared with

the inadequate installations. This is due primarily to the praise-

worthy, but none-the-less ill-advised, attempts to better the plant

illumination on the basis solely of providing a greater candlepower

output. The questions of distribution, diffusion, and absence of

glare are either not fully appreciated, or are entirely unknown,

and therefore do not receive proper consideration. Now if the

persistent efforts of several years have not wholly succeeded in

educating the factory managements in the fundamentals of good

illumination, is it not absurd to expect intelligent application of

hurriedly promulgated rules for light curtailment? This in

itself should be a sufficient argument against any such action, and

it is rather gratifying to learn that there will be no general

request for diminishing industrial lighting.

The saving in coal by curtailment of industrial lighting would

be negligible when compared with the ultimate economic loss.

If, for example, the full year's labor of the 108,000 men that is

lost annually, due to poor illumination, could be saved and applied

to coal mining, 130,000,000 more tons of coal could be produced.

To provide ample illumination for the safety of all these workers,

ten hours a day for a full year, would require less than 10,000

tons of coal. We may convert this fact into a more detailed and

concrete form by saying that a 25-watt lamp burning ten hours

a day will provide adequate illumination on a stairway for one

year by the use of one-eighth of a ton of coal. By dispensing

with the lamp one-eighth of a ton of coal will be saved, but if

during the year one accident occurs involving the loss of only

one day's time the economic loss from a coal producing stand-

point would be sufficient to operate the lamp 32 years.

This brings us up to the point of considering the effect of

diminished lighting at places where such reduction is almost

invariably found. Stairways, elevated gangways, passageways,

and storage spaces are generally inadequately lighted, and are the

first to suffer from a policy of light curtailment. The hazards

associated with these poorly lighted sections of our industrial
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plants have been portrayed many times. Confirmation of these

hazards has been given by the report of the British Government
survey of industrial accidents showing that 40 per cent, more
men are injured from falling and stumbling in the winter months
than in the summer months. This is exclusive of street slipping

accidents. The physical condition of the stairways and passage-

ways is the same for both periods, the sole difference being in

the illumination.

Many accidents occur in storage places due to inadequate

illumination, but this fact is not often brought out in the reports.

Raw material and finished product are often piled in uneven tiers,

and these fall over at inopportune moments. Carelessness is

very often the contributing cause, but in many cases a conscien-

tious worker will pile material unevenly simply because the

illumination is not sufficient to show him that the tier is out of

alignment. Similarly, in storing tools or small parts on shelves

some are placed too near the edge and fall on workmen. A case

in point is that of a young man who was storing small diameter

steel rods. Unnoticed by him, one of the rods protrouded a

foot or more beyond the edge of the shelf, and in passing this

point later on he received a jagged cut along the side of his

head. There was a small-sized drop lamp in the central aisle,

but none in the side aisle where the accident occurred.

Even the supposedly well lighted w^orking spaces in some shops

are not immune from accidents of this nature. A certain work

bench was well illuminated by local lights with proper reflectors,

but the bench cast a shadow on the floor while the general illumi-

nation was not sufficient to offset the shadow. There followed

a sequence of accidents due to the toppling over of partly fin-

ished work piled in the shadow. With a higher intensity of

general illumination, accidents of this type were largely elimi-

nated. Passageways that are traversed infrequently hardly jus-

tify the continual use of an illuminant, unless there is exposure

to moving machinery or other hazards. Irrespective of the danger

element, all passageways should have lighting units so installed

that they can be turned on and off at either end. The lack of

such a provision was partly the cause of an accident to a car-

penter who had been called in to make some repairs in a chemical

establishment. A cup had been placed to catch the drip from a
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slight nitric acid leak until repairs could be effected. The car-

penter, assuming that the cup was placed to catch oil drip, poured

some of the acid on his saw and then rubbed it with his hand.

Before neutralizing agents could be applied the palm of his hand

was badly burned. It is evident that if proper illumination had

been provided the carpenter would have noted that neither the

color nor the consistency of the acid corresponded to that of an

oil that might appropriately be applied to a saw.

A method is open to plant managers by which, at the same time,

coal will be saved, better illumination provided, and accident

hazards reduced. It consists in the universal use of reflectors.

Every plant manager (as part of his lighting policy) should adopt

the principle of a proper reflector for every lamp. In the field

of general illumination, the use of unshaded lamps, in connec-

tion with naturally dark walls and ceilings, or with white walls

and ceilings that have become dirty, is not only wasteful and

ineflicient, but also increases the accident hazard from bright

light sources. Proper reflectors would bring this wasted light

under control, and at the same time reduce the accident hazard.

In a limited number of cases smaller lamps could be substituted

and still ample illumination would be provided; but for the most

part reflectors should be used with the lamps now installed to

bring about a much needed improvement.

In the field of local lighting there is much more room for

saving and improvement. There are thousands of 120-watt car-

bon lamps, and many more thousands of 60-watt carbon lamps,

used for local lighting about machines. It is the exception rather

than the rule to find these lamps equipped with reflectors. Wire
guards are more popular. For purposes of illumination a 15-

watt or 25-watt tungsten-filament lamp with proper reflector

would prove adequate. The question of serviceableness or of

breakage of this lamp over the carbon lamp is dependent on

local conditions. The recent agreement between lamp manufac-

turers and the Fuel Administration insures a reduction in the use

of carbon lamps. In enforcing this policy, lamp users should be

warned against employing tungsten-filament lamps without re-

flectors. Exposure to the high intrinsic brilliancy of the tungsten

filament involves a greater degree of vision impairment than with
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the carbon lamp. Wire guards will not serve, for although they

protect the lamp from breakage to a certain extent, they afford

no protection to the eye. The lamp can be replaced for twenty-

five cents, but the eye—vision—infinitely more valuable, cannot

be replaced at any price.

During a recent inspection we noticed a workman at a stamp-

ing press who persistently stood at one side of his machine. In

answer to our inquiries the workman stated that he could not

see unless he moved to the side and closer to the lamp; and he

also informed us that he was going to get a *'big tungsten lamp."

He was working on large tinned sheets, and while standing in

front of his machine a dazzling reflection was directed toward

his eyes. A simple adjustment of his local light changed the

angle of incident and reflected rays, and thus removed the

trouble.

This incident is more or less typical. There is so much unin-

telligent use of light in the form of unshaded or improperly placed

lamps that we are fast approaching the state of being a nation of

eye-glass wearers. An important remedial step will be taken

when we whole-heartedly get behind the movement of "a proper

reflector for every lamp."

DISCUSSION.

Chejster C. Rausch, Assistant Director, The American Mu-
seum of Safety (Communicated) : There are two outstanding

features concerned with the use of electric lights in illumination

for the factory or other purposes. First, the almost universal

tendency of those concerned in the maintenance of such equip-

ment to allow it to become filthy with an accumulation of dust or

smoke, particularly the reflectors; then when this condition has

become intolerable, to attempt to relieve it by the addition of

high candlepower lights or the removal of reflectors, or both.

The eye-strain resulting from the exposure on any portion of the

eye retina of the light from a modern high power nitrogen light

is sufficient, in many instances, to cause momentary blindness

when the eye is turned away from that source of light. Where
such lamps are used in the vicinity of the point of operation
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of any machine, there exists the almost certain possibiUty that

eventually an accident on that machine or device will result. The

use of proper reflectors in such cases should be mandatory.

The loss of illumination due to the coating of reflectors with

dirt may result in a loss of light equal to 60 per cent, or more,

before attention is given to the fact that they need cleaning. The

results where systematic cleaning of all reflectors and equipment

has been followed, show a reduction in current consumption that,

in many cases, has not only eliminated the need for additional

installation of lamps, but has even reduced the necessity for using

those already installed.

Many owners concerned with the maintenance of illuminating

equipment complain that the cost of systematic cleaning is great,

but such an argument can scarcely stand against the evidence

repeatedly shown that accidents occur where illumination is poor

on any one of the several points of quantity, intensity and diffu-

sion. The proper installation of lighting equipment with refer-

ence to galleries, windows or other means of reaching the lamps,

when fixed, or by the replacement of fixed lamps with those

which may be lowered readily, disposes of this objection. That

there is a direct relation between poor illumination and accidents

is shown by a comparison of the number of accidents that occur

during the course of the year when artificial light is used to

supplement natural light in a portion of the working period, and

where natural light is sufficient for all illuminating purposes. A
"Study of Accidents for the Year 1917" of the Portland Cement

Association, shows the percentage of total accidents for twenty-

four hours, ranging from as low as 7.3 per cent., between 12 and

I p. M., to as high as 13 per cent., between 5 and 6 p. m., or almost

double. A similar frequency is also noted between the winter

months ; and the two, those for the hours of the day and for the

months of the year, coincide almost exactly.

It takes only a casual observer without any technical training

whatever to observe the enormous difference in the illuminating

effect obtained in shops where the walls are kept smooth and

clean and of light color, as against those where the opposite con-

ditions prevail. One has but to recall his own experience in two

rooms in his own home, in one of which everything is of light

color, and in another of dark color; or of conditions that prevail
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when snow is on the ground, and when the ground is bare and
bleak, to remember that even when it is supposed to be dark, the

ability to get about is greater under the lighter conditions than

under the dark.

When manufacturers and others whose places of employment
or work require illumination learn that less light properly dis-

tributed through fixtures properly maintained costs less for cur-

rent consumption, a long step will have been taken in the matter

of illumination ; but when, coupled to this, they can be convinced

that the number of accidents is proportionately less, we will

approach more nearly desirable illumination.

A. J. Sweet (Communicated) : Probably less than 5 per cent,

of our industries represent in their lighting practice a close

approximation to the best practice attainable in the present state

of our knowledge. An additional 25 to 45 per cent, of our indus-

tries have made a good beginning toward providing adequate

lighting, though their practice falls far short of the attainable

ideal. The remaining one-half to two-thirds of our industries are

characterized by grossly inadequate lighting.

It may be conservatively estimated that, in this year A. D. 1918,

the application throughout American industry of our best present

knowledge in the lighting field would result in a 15 per cent,

increase in industrial production.

Consider what such an increase means. It is equivalent to the

production of an army of approximately one and one-half million

workers ; an army that consumes neither food nor clothing nor

wealth in any form; an army that produces without additional

factory buildings or machinery or tools; an army that gives at

least two-thirds its wages to be divided between capital and labor.

Moreover, such improved lighting means a material decrease

in spoilage resulting from imperfections in workmanship. Such
spoilage varies so enormously as between different industries and

between different industrial operations that it is impossible to

estimate its total in American industry with any degree of accu-

racy. It is safe to say that the decreased spoilage made possible

by adequate lighting throughout American industry represents an
annual net value of not less than $100,000,000. In terms of labor,

this represents an army of not less than 100,000 men.
6
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It should be emphatically pointed out that such "best lighting

practice" involves a great deal more than the sufficient and

proper quantity of light. It involves light of the proper quality,

particularly with respect to diffusion. It especially involves the

highly important consideration of the direction of the light rays

with respect to the plane of the work. Sometimes the elimination

of sharp shadows, sometimes the avoidance of such elimination,

exercises an important influence upon the efficiency of industrial

work. The proper screening of the light sources, to the end of

attaining conditions under which eye fatigue is reduced to a

minimum, is still another factor of large importance.

In short, the attainment of ''best lighting practice" is a com-

plex technical problem requiring for its fully adequate solution

the services of the competent lighting specialist. The failure to

recognize this is one of the factors retarding proper practice in

the industrial lighting field. It is very difficult to convince the

average industrial manager that he is not fully competent to

decide his own best lighting practice, to solve his own lighting

problems.



:v, ^^f

TRANSACTIONS
OF THE

Illuminating Engineering Society

PART II "PAPERS

Vol. XIII DECEMBER 30, 1918 No. 9

THE IIvIvUMINATING ENGINEER AT WAR.*
PrEsidentiai, Address.

BY GEORGE H. STICKNEY.

In presenting the constitutionally required address, it seems

best to depart this year from the usual practice and instead of

discussing a scientific or technical subject, to direct your attention

to the work of the Society and illuminating engineers in general^

as related to the nation's needs.

War is the one theme which is uppermost in our minds at the

present time. Our most important problems are concerned with

winning the war—completely and promptly.

While it has been repeatedly emphasized by deed and by word,

our American people do not yet realize the seriousness of the

threat, which the most dastardly and atrocious foe of the ages

has put upon us. On account of our remoteness and our altruism,

we have not appreciated the extent of the possibility that some
devilishly ingenious development might bring atrocities to our

own homes. Fortunately, we are absolutely committed to the

defense of democracy. We cannot consider anything short of

complete victory, lest our sacrifices be in vain, and our future

unsecured. Anything which speeds that victory means saving

lives. Anything which we do or do not do, which delays the

victory, even a few minutes means so many more of our men
sacrificed, so many more homes saddened with the shadow of

premature death.

In the face of this, our ordinary interests of comfort, con-

venience, or profit sink into insignificance. And especially should
* An address presented before the 12th Annual Convention of the Illuminating Engi-

neering Society, New York, N. Y., October 10, 1918.
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such interests yield cheerfully, since even they are not secure

until the menace is removed. In line with this idea there has

been but one fundamental thought back of the activities of the

Society, since our country became a combatant. How can we
best help win the war ?

For about 12 years, the Society served the country and man-

kind in general, by building up the lighting art into a serviceable

structure of standardization and practice. When the Society

was organized, good lighting had been done, but any real knowl-

edge of the principles was in the minds of but very few. There

was no systematic interchange of experience; every expert kept

his information, as far as possible, to himself, as a trade secret.

The Society has been influential in the reversal of this policy,

and has become a power for encouraging the extension of the

knowledge of lighting. Through this factor alone, it is largely

responsible for the wonderful advance in lighting practice which

the past decade has witnessed.

When the Society entered the field, it found the engineering

features of lighting the most neglected, and naturally, its effort

was concentrated, in a considerable degree, on the development of

that phase of the art. In later years it has broadened its scope

and given ever increasing attention to those features which made
for beauty, comfort and convenience. It was not content to limit

its work to the determination of scientific fundamentals, to en-

hancing safety and conservation of eyesight, to analyzing eco-

nomic factors, but without neglecting these things began to build

for better artistic lighting with the view of making people hap-

pier. The Society can well be proud of this structure of practice

as a great national service.

But in wartimes, many of the aspirations of peace must be

temporarily abandoned. No art can have first claim so long as

there is the slightest possibility of our free institutions being

menaced. And so we have been glad, not only to put our art

at the service of our country—but have willingly sacrificed our

aims and aspirations to any necessary or desirable extent.

It has been the chief aim of your officers to put the Society

and its membership most effectively in the service of the country.

This has not always been an easy matter. The difficulties have
not come from any lack of support on the part of the member-
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ship, but rather from the very rapid reorganization of the coun-

try on a war basis. The problem has been to determine how, or

through what channels, our abilities could be most effectively

applied. The splendid individual initiative of the American
people has sometimes been an embarrassment. Organized effort

is needed, and we must work in co-ordination with organized

agencies of the Government.

In the first confusion, it was often difficult to determine with

which of several agencies, more or less official, we could render

the most effective service. In this connection, it must be re-

membered that excellent and well intended individual effort may
actually be harmful, if not properly co-ordinated with authorized

agencies. It has always been the aim of the Society to work
harmoniously and never competitively with such agencies.

The National Committee on Gas and Electric Service has been

the means of opening to us many opportunities for service. We
have been fortunate in establishing representative relations with

the War Committee of Technical Societies and with the National

Research Council.

The Divisional Lighting Committee, under the Council of

National Defense, is composed of active members of this Society

and co-operates with our Committee on Lighting Legislation.

On nomination of the President of our Society, a representative

of the Divisional Lighting Committee for each state is being

appointed to extend the adoption of mdustrial lighting codes.

We have found that those in authority, lacking our familiarity

with lighting applications, do not always realize the great advan-

tages latent in the new art of controlled lighting. It is, there-

fore, a difficult though pleasant duty to endeavor to convince them

of its importance.

In the trenches or on the sea, light can be used to reveal the

enemy, and often to confuse him, and an advantage in these

respects may turn the tide of battle. Further, light is an impor-

tant means of signalling both by day and by night.

In caring for and supplying an army, effectiveness depends, in

a large degree, upon light. If the movements near the front

could be illuminated for the benefit of the traffic, without reveal-

ing it to the enemy, there would be a remarkable gain.

In transportation on land and sea, and in production at the
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workshop and mine, properly applied light is an essential factor.

We may never know how momentous a part is being played by

the teachings of our Society applied by our members and others.

The importance of this feature was forcibly drawn to my atten-

tion last October, when assistance was sought by a leading

member of the Naval Consulting Board on an important marine

problem, involving daylight conditions. Practically all of the

useful published data which we could locate were those in the

Transactions of the Illuminating Engineering Society.

In studying these various war lighting problems, both for the

Society and in my professional capacity, they seem to divide

themselves, so far as practical method of treatment is concerned,

into two groups, namely, confidential and public. Many of the

most important problems, especially where scientific development

is concerned, fall in the former class. To discuss them publicly

would give comfort to the enemy, with the probability that

1. The application would be rendered less effective through

its existence being known;

2. Or a supplemental development might be made to take

advantage of the application;

3. Or the application might be duplicated.

While much of the most interesting development falls in this

class, we must continue to shroud it with secrecy and render our

service confidentially, as individuals or as small committees

discreetly selected. The enemy will learn of new and important

light applications soon enough. But let us hope that the knowl-

edge will go in the way which means maximum discomfort and

least advantage to him.

Less spectacular, often less interesting, but nevertheless highly

important, are those problems of general lighting practice, which

are dependent upon the co-operation of the lighting industries

and public generally for their success. Such problems must

receive as much publicity as possible as soon as definite plans or

programs are formulated. These problems include those phases

of lighting practice which relate to efficiency of industry, to pro-

tection of lives and property, and to conservation of fuel.

Our Committees have rendered important service in connec-
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tion with such activities, and one of the main purposes of the

present meeting is to inform you regarding these matters, secure

your advice and discussion, and to urge you to such action as will

help assure and hasten the winning of the war.

It is not necessary for me to go into detail in regard to these

matters, because they will be ably presented in the reports and

papers, but it seems worth while to discuss them somewhat in

general.

In order that our soldiers may continue to hurl shot and shell

at the enemy, there are many activities which must be carried

on in this country ; ships and munitions must be made, materials

must be produced and transported, and all these things must be

done promptly. It is also necessary to care for the essential wel-

fare of our entire population. All of these things involve effec-

tive lighting, while the fuel situation demands the utmost

economy.

In the past the Government's interest in industrial lighting was

principally concerned with the prevention of accident and con-

servation of eyesight. To-day, it is imperative that each worker

produce to the maximum and that many of them do so at times

and in places where daylight is absent or insufficient. In this

connection it is necessary that materials be conserved, especially

those that are available in limited quantities; that the fuel con-

sumed for power and heat be utilized effectively. All this de-

pends upon good illumination. Manufacturers as a class, and

especially the smaller ones, have not fully recognized the value

of good illumination, but either through inertia or false economic

ideas, have viewed lighting as a necessary but unwelcomed

expense.

It is, therefore, nationally im^portant that an effort be made to

improve industrial lighting. The movement to secure the wide

adoption of lighting codes, as taken up by the Divisional Ughting

Committee (under the Advisory Commission of the Council of

National Defense), is a step in the right direction. But efficient

manufacturing generally needs better lighting than can be pre-

scribed to insure safety. The Society and its members are lead-

ing in a movement for better industrial lighting. Our Committee

on Lighting Legislation has been doing much of the pioneer work.

Let us accelerate it as much as possible.
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Protective lighting is still of unusual importance, and will be

so long as there are among us murderous and desperate enemy

sympathizers who are seeking secretly, under cover of darkness,

to interfere with our manufacturing and other activities. A slight

explosion at a vital part may temporarily stop a large industrial

plant or transportation line. With our complex institutions, pro-

tective lighting is likely to retain a certain importance, even after

the war; now it is indispensable. The pamphlet on protective

lighting, prepared by our Committee on War Service and pub-

lished by the War Department, is one of our important contri-

butions toward winning the war. It is the best available treatise

on the subject. By advocating the application of the principles

and practices described therein, each of us can help defeat sneak-

ing attacks of our enemy.

In this connection, we must remember that street lighting

always has been in the past a protective measure, and while in

recent years a small part of it has acquired certain ornamental

and advertising features, street lighting as a whole is still pro-

tective lighting, and as such cannot be reduced or eliminated

without accident and criminal hazard. By warning those in

authority, we may be instrumental in preventing disorder and

even disaster. Such things come without warning. The pre-

vention is not spectacular and may never be recognized. The

occasions for regret have been unfortunately frequent.

The congested condition of our railways has increased highway

traffic, so in a sense, anything that makes street and road travel

safer has some bearing on the war. Certainly it has on the

country's welfare.

Our Committees on Lighting Legislation and Automobile

Headlighting Specifications have, by invitation, been co-oj>erating

with certain New York State officials on the automobile head-

lighting problems. While the result has not come up to our hopes

in all respects, and on account of various conditions has fallen

short of our ideal, we have reason to believe that the roads of

that state will be safer as a result of our effort. Furthermore,

our Committees have learned much as the result of the investiga-

tion, so that we should be able soon to draft a code which can be

offered to all our commonwealths as a working guide for pro-

tective regulations. It will be of permanent value to the country
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if we can succeed in establishing headlight regulations on a defi-

nite and determinable basis.

At the request of the United States Fuel Administration, re-

ceived through the National Committee on Gas and Electric

Service, our Committee on War Service has been studying the

possibilities of fuel consei^vation in connection with illumination.

The elimination of extravagance and waste we could heartily

subscribe to as tending to develop the art of lighting and put it

on a more stable basis. We have looked upon the restriction of

useful lighting, even for commercial or advertising purposes as

a destntctive measure, containing possibilities of injury and

injustice. However, when advised of the necessity, we have

heartily co-operated, even to an extent which may pull down part

of the structure of lighting practice, of which we are so proud.

But when we balance the lives of American soldiers against light-

ing comforts and refinements—as the Fuel Administration tells

us we must—there is but one answer.

We believe that no curtailment of useful industrial or protec-

tive lighting can be made, without loss of production or danger

to operatives. Reduction of useful commercial lighting will work

some hardship and a relatively small fuel saving. So that it

seems apparent that the end sought is to utilize the psychological

effect in securing economy in other fuel applications.

To some of us, at least, the psychological value seems likely,

in the long run, to be questionable. But as loyal citizens, we must

support the Government authority, and our Committee has given

its hearty co-operation to the Fuel Administration, and endeav-

ored to help them make the desired saving in such a way as to

minimize any hardship on the public interest. Let us all, as

members, do what we can to facilitate the difiicult tasks which

confront the Fuel Administration.

There are many other activities of war service which have

been undertaken or are contemplated, but which 1 cannot men-

tion at the present time. These will be sufficient to give you an

idea of what your officers have been doing, as your representa-

tives. I hope it will not only suggest opportunities where each

one of you can help—and also indicate the patriotic need for your

support given through the Society.

I am sure you will all agree with me that we have much yet to
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do in putting our art to work for winning the war. We are lim-

ited, however, by the size of the Society and by the relatively

small funds available. Increased membership would unquestion-

ably enlarge our opportunities and our influence in securing rec-

ognition of the possibilities of lighting.

I am somewhat familiar with the accomplishment of other

organizations and am satisfied that, relatively, the Illuminating

Engineering Society has made a splendid showing. This is very

largely due to the reputation which we have established, the

cordial co-operation of friendly organizations, and the devoted

service of some of our Committees. Each member can be sure

that his membership is in itself a patriotic contribution. By se-

curing new members, we can contribute further. Many of our

members are already in the service and the number to be carried

on the roll without payment of dues will undoubtedly increase

considerably during the coming year.

We have a pride in the hundred members who have already

entered the service. Some of them, as fighting men and some in

capacities which enable them to utilize their illuminating engi-

neering attainments. Already they are beginning to appear on

the casualty lists—two of them have made the supreme sacrifice.

How better can we honor them than by carrying cheerfully their

burdens in the Society, and by making the lighting art more

serviceable ?

If you believe in the good, patriotic work which the Society

is doing, let the new administration have your support, even more

actively than in the past. Your officers have planned for still

more effective service in the future, based upon the past year's

experience.

One proposed feature which I would particularly like to call

to your attention is a reorganization of the Committee on War
Service, whereby the entire technical knowledge and experience

of our membership will be made effectively available to the

Government.

When the Committee was originally appointed, a little over a

year ago, its members were selected with reference to the par-

ticular problems which had then been referred to the Society.

Later, we found it desirable to refer to the Committee, work of

an entirely different character, requiring the service of men not
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on the Committee and with regard to which some of the original

members were not quaHfied to act effectively, so additional mem-
bers were appointed from time to time, and the services of men
not on the Committee were secured. The Committee then became

too large for most effective action, while men who made impor-

tant contributions were not properly recognized. To meet this

situation it is proposed to appoint, for the coming year, a small

executive or "steering" committee, carefully selected for their

broad acquaintance in the Society and their responsibility, while

all members of the Society will be considered to be on the Com-
mittee on War Service.

When a problem is submitted to this Committee, its executive

committee will appoint a special sub-comm_ittee, composed of

those best qualified to handle that particular matter. Any report

will be signed by the sub-committee and countersigned by this

executive committee. On the completion of the work, the sub-

committee will automatically disband. It is possible that several

such sub-committees will be working on different problems at

the same time. The Council will presumably hold the Committee

on War Service responsible for the acts of any of its sub-com-

mittees. Besides avoiding the difficulties of the past, this liter-

ally makes the entire membership of the Society available to the

Government, without delay or complication. I am sure this plan,

which has just been ratified by the Council, will appeal to you all,

and that the Committee can look to you with confidence for your

support, when the call comes.

In conclusion let me extend my personal appreciation to all the

officers, committeemen and members of the Society for their

cordial support. I am humbly conscious of the small part I have

played and of the large part which you have contributed. I am
proud that I can retire from my stewardship, leaving the Society

in a healthy and prosperous condition, and engaged in a noble

and effective work. I know that you will all extend to my hon-

ored successor the same loyal and hearty co-operation that the

Society may go on to new and greater achievements.
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INAUGURAL ADDRESS* OF PRESIDENT
GEORGE A. HOADEEY.

There never has been any question as to this meeting's being

and belonging to the administration that is just closing. It is

the rounding up of the work of that administration, and I call

you to witness that we have never had a rounding up that has

been more complete, more compact, more compressed together

into an active day's work, than we have had this year. I don't

know how anyone can go from this convention, without the feel-

ing that the past year's work has been brought to a successful

close. It is the close of the twelfth convention. Let us make the

next, the thirteenth, for the Hun.

I have always been proud to belong to this Society, for the

reason that it seemed to me that its work was altruistic. The

work that has been done, and is being done, is for the public.

That is the great object that we have in view. And there is also

this to be considered : Is there any especial work that has ever

been taken up, that has not been carried to a successful issue?

We have considered the matter of domestic lighting. We have

heard no word of that to-day. Why ? Because we worked that

out and have given directions for domestic lighting that have

proved successful. Street lighting has been considered. We
have seen our men go out on the streets of New York City, and

examine the lighting there—in Philadelphia, and the other cities

—

see what was needed, and produce results. That has not been

mentioned to-day. To-day, we have the lighting that is required

for the present, and these questions will be studied, examined,

investigated, and settled, as the others have been.

I feel very greatly the honor that you have conferred upon me.

I want definitely to express that I feel a great deal of satisfaction,

sir, in holding this gavel in my hand. I first held it something

like four years ago, I believe, when, at the convention in Pitts-

burgh, I presented it, with the good wishes of the Society, to the

Presiding Officer. There are many things in it that have a his-

toric interest. I hope I shall be permitted to use it, but in no

way that will not be satisfactory to you.

* An address presented before the 12th Annual Convention of the Illuminating Engi-

neering Society, New York, N. Y., October 10, 1918.
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I don't believe that I am a man who has many new ideas. But
I think I am an excellent man to receive ideas, to consider them,

to hand them over to the Council, to talk them over, and then to

get the most good out of them.

Gentlemen, let us look forward to a successful year.
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REPORT OF THE COMMITTEE ON PROGRESS *

A man will scan a cloudy sky,

In hopes it may grow bright,

Yet if he to the sun should fly

He'd only ask for light.

Light, more light

!

(After the Norwegian of Per Sivle, translated by H. G. Chapman.)

INTRODUCTION.

A review of recorded information regarding sources of light,

the lighting industry and other factors germane to illuminating

engineering shows that since the last report of this committee

there has been progress in spite of the fact that the prosecution

of the war is absorbing the interest and activities of practically

all classes of workers throughout the country. The very necessity

of continuous night work in factories together with the demand

for the highest precision and largest output has shown con-

clusively the value of lighting conditions, and their effect on

manufacture.

Attention is being called^ to the importance of having qualified

engineers employed to plan the lighting for new buildings in in-

dustrial plants, and a recent survey^ has shown that experimenta-

tion is being carried on in numerous instances in order to deter-

mine the very best type of installation for a particular condition.

Many plants have revised^ their lighting systems during the past

year purely as a war measure. The results of improved lighting

* An annual report prepared for the Twelfth Annual Convention of the Illuminating

Engineering Society October 10, 1918, New York, N. Y.

The papers and discussions included in our own Transactions are not reviewed

in this report, it being taken for granted that members keep themselves advised of the

contents of the Transactions.

1 Elec. Rev. (U. S.), June 1, 1918, p. 907.

2 Elec. Wld., June 8, 1918, p. 1194.

^Jour. of Elec, June i, 1918, p. 550.
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1

can be seen in larger and better production, fewer accidents, re-

duced spoilage, and steadier labor.

In other directions, however, the tendency has been toward

economy in the use of light and war restrictions have had much to

do with reduced street, show-window, and display lighting. The
larger cities report very little if any increase in the number of

street lamps and in at least one case apparently necessary ex-

tensions were refused sanction by the city council.

It is surprising to note the variety of designs which have been

put on the market for the combination indirect and semi-indirect

lighting fixture. Originally in two parts, a lower diffusing globe

and an upper reflector, all sorts of modifications have come out,

the latest having the two parts in one piece, and in another case

even the bulb of the lamp itself has been utilized. In a similar

way there has been a big development in flashlights, small search-

lights, and automobile lights. I^ittle has been reported of foreign

activities and this mostly on the theme of restricted lighting. In

view of the fact that some countries like Denmark and Holland

have been forced owing to coal shortage, to come down to the

use of candles and oil lamps this is not surprising. Nevertheless

some research work is apparently still going on in Germany and

it is possible that there have been developments of importance,

description of which has not been permitted.

The total eclipse of our main source of light was expected to

furnish an opportunity for much nev^ information regarding this

most vital factor in human existence. There has not as yet been

time to publish the analysis of the results of observations but

some interesting points have been reported. At Goldendale*

where the observers of the L^ick Observatory were located, the

sky was completely covered with clouds all day until just before

the eclipse when a rift appeared which opened up so that a very

small area of the blue sk>" free from clouds had the sun at its

centre exactly at the middle of the total phase. This region

cleared not more than a minute before the beginning of totality,

and clouds again covered the sun less than a minute after the

passing of the shadow. All the instruments and all of the ob-

servers were ready and their program went through as planned.

The thanks of the committee are due to those who have fur-

* Science, July 12, 1918, p. 34.
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nished data and to the publishers of periodicals whose informa-

tion has been freely used.

Respectfully submitted,

F. E. Cady, Chairman;

E. F. Kingsbury,

W. B. Lancaster,

R. FF. Pierce,

T. W. ROLPH.

GAS.

The successful amalgamation of the two largest gas societies

in this country, the American Gas Institute and the National

Commercial Gas Association was accomplished when the Ameri-

can Gas Association was formed in New York City, June 6.^ The

importance of this movement on the development of the industry

can only be conjectured, but any step looking toward unity of

thought and action would seem to be particularly helpful and

appropriate at this period in the history of the country. There

will be established a closer co-operation between gas manufac-

turers and those manufacturing gas appliances and apparatus.

Manufacture.—The war has caused such a shortage in coal

supply that most European countries are experiencing^ great

difficulties in keeping up the manufacture of gas. It is reported'

that a supply of monazite sand from the Travancore district of

India is now being obtained by an American company. Posses-

sion of this property before the war by German manufacturers

enabled them to figure prominently in the world's supply of

thorium for the making of mantles.

An English inventor^ has brought out what is called a new gas

of 350 B. t. u. per cubic foot (3,110 cal. per cu. m.) or less, and

a considerable agitation as to the merits of his proposals has

resulted. He claims the possibility of increasing the efficiency

of utilization of the B. t. u., in good quality, clean dry coal from

50 to 83 per cent. Another new development® in gas manufac-

ture is the production of gas from straw refuse on the big

ranches of northwestern Canada. A retort has been invented

•' Gas Record, June 12, 1918, p. 363.
• Gas. Age, Jan. i, 191S. p. 5.

7 GasJour., Nov. 30, 191 7, p. 386.
« Gas Age, April i, 19 18. p. 293.
• GasJour., Nov. 13, 1917, p. 326.
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for carbonizing straw and other cellulose material thereby decom-

posing them into combustible gases, tars and ammonia. A ton

(0.907 metric ton) of straw will give between ii,ooo and 12,000

cu. ft. (311 and 340 cu. m.) of gas of a calorific value of approx-

imately 400 B. t. u. per cubic foot (3,560 cal. per cu. m.). From
every ton of straw there is obtained 6 to 8 gallons (22.7 to 30

liters) of tar and ammoniacal liquor. In the three prairie prov-

inces of western Canada only, it is said 20,000,00 tons (18,140,000

metric tons) of straw are available annually which could be used

to produce 140,000 million cu. ft. (3,960 million cu. m.) of gas.

Another radical departure in the production of gas is reported

from France.^*^ A large tonnage of spoiled flour was salvaged

from a torpedoed vessel. The flour was useless for bread-mak-

ing, and it was turned over to the gas works and distilled. From
5,280 pounds (2,400 kg.) of flour, 11,200 cu. ft. (317 cu, m.) of

gas and 1,584 pounds (718 kg.) of coke were obtained, the latter

leaving practically no ashes when burned. Tests have been

made^^ of the effect on the lighting and heating value of a mixture

of artificial and natural gas when the relative amounts of the two

gases in the mixture are changed. The results indicate that with

a percentage of natural gas from 10 up to 75, the open-flame

candlepower of the mixture was maintained. With a constantly

decreasing artificial gas content, but a rising heat value, the ratio

of the candlepower to the heat units remained nearly constant up

to a critical point where the percentage of the natural gas was

about 70.

Accessories.—In England, the birthplace of the open-flame gas

burner, the use of the latter has diminished^^ to such an extent

that of gas manufactured "not 5 per cent, of the whole output is

now used for direct illumination" in such burners, according to a

statement by a member of the gas engineering profession in a

presidential address before the Institution of Civil Engineers.

It has been pointed out^^ that a lowering of the B. t. u. require-

ments for gas in order to permit of greater toluol recovery will

have a very deleterious effect on gas lighting by open-flame

burners. Particularly is this true in New England where the

Massachusetts standard fixed at 528 B. t. u. (4,700 cal. per cu. m.)
^<> Gas Ag-e, Jan. i, 1918, p. 7.
^1 Gas Industry, Jan., 1918, p. 19.
12 Nature, Nov. 29, 1917, p. 255.
^3 Gas Record, Feb. 27, 1918, p. 124.
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is claimed to be the lowest thus far specified for any state. It has

been estimated that in this part of the country there are two or

more open-flame burners for every one of the mantle type.

A new gas burner^* introduces directly to the inner surface of

the inner cone of the bunsen flame, a secondary supply of heated

air independent of that which forms the mixture in the tube. It

is claimed that a more perfect gas and air mixture is obtained.

The use of large gas lamps containing as many as fifteen mantles

is increasing.^'^ A new system of gas utilization has been devel-

oped^^ by an English inventor. He has devised what is called a

pressure balance and is said to have obtained a candlepower of

from 130 to 150 with a small gas mantle and a consumption of

less than 3 cu. ft. (0.085 cu. m.) per hour.

Calorific Standards.—After a careful study of the tests made

by the inspection department, the Gas Commission of Massa-

chusetts has tentatively decided^^ to adopt the French standard,

viz., 528 B. t. u. (4,700 cal. per cu. m.) as the calorific standard

for gas in Massachusetts. Previous to issuing the order, tests

were conducted for six months in nineteen gas plants. The ques-

tion of a universal adoption of 528 B. t. u. (4,700 cal. per cu. m.)

as the standard for gas throughout the country has been raised^^

by the United States Fuel Administration. It is pointed out that

this would mean the doom of the old open flat-flame burner, as

with the elimination of the candlepower requirements such a

standard is ideal for incandescent gas lighting. The purpose of

such an order would be to conserve oil. Agitation for a universal

calorific standard and the abolition of the candlepower standard

is also being carried on^^ in England.

At the request of the U. S. Ordnance Department the 600

B. t. u. (5,340 cal. per cu. m.) required average in several New
Jersey cities was lowered to 570 (5,070 cal. per cu. m.), it being

understood that the permit would be maintained^^ as long as the

government finds it necessary in order to obtain a sufficient supply

of toluol. Similarly^^ at the request of the Federal Government
1* GasJour., August 21, 1917, p. 325.

^^ Amer. Gas Eng. Jour., Feb. 15, 1918, p. 165.

16 GasJour.., Sept. 25, 1917, p. 563.

17 Amer. Gas Eng.Jour., Dec. 8, 1917, p. 533.

18 Gas Age, June 15, 1918, p. 582.
1" GasJour., June 11, 1918, p. 476.
20 Gas Record, Feb. 13, 1918, p. 91.
^1 GasJour., Nov. 27, 1917, p. 423.
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gas companies in the First District of the New York PubHc
Service Commission may elect to operate under a heating stand-

ard for the duration of the war and three months thereafter.

An interesting fact has been brought out that in New York City

only 20 per cent, of the gas consumed is used for open-flame

lighting purposes. At Minneapolis^^ the Council agreed to a

reduction in the candlepower standard from 15 to 10, but no

reduction was made in the heating standard. This action is to

last for the period of the war or as long as the company is manu-
facturing toluol for the government.

Experiments by a foreign investigator^^ indicates that illumi-

nating gas exhibits no generally poisonous character towards

plants.

Acetylene.—In Switzerland experiments have been reported^*

on the result of mixing acetylene with coal gas with a view to the

replacement of the former gas mixture made of 67 per cent, of

oil gas and 33 per cent, of acetylene. It was found that a i to i

mixture of the coal gas with the acetylene gave the same illumi-

nating power as the oil gas combination. Two to three liters of

the mixture were required to obtain one candlepower. It was
also shown that the mixed gas could be put under pressure of 9
atmospheres and heated to 100° C. without danger. For lighting

railway trains no alterations in the equipment are necessary. In

Denmark the government Commission has approved"^ some

models of acetylene lamps and a large number are now being

constructed. Arrangements are being made with Norway and

other countries to import enough carbide to supply people who
have no gas, electricity or kerosene.

A great impetus has been given^^ by the war to the use of

acetylene for lighting purposes. A large number of tanks con-

taining the compressed gas are being used in portable hospitals

and in first aid stations. Acetylene lamps are also b^ing used for

signalling purposes on the principle of the heliograph and the

same gas is used for flare lights to illuminate camps, dugouts,

trenches, and for directing troops at night along the road. Small

portable lamps are being made in large numbers for use in Cuba
22 Amer. Gas Eng.Jour., July 6, 1918, p. 18.
23 Gas lour., Oct. 9, 1917, p. 63.

^Jour. of Acetylene Ltg., March, 1918, p. 301.
'5 Sci. Amer., Dec. 22, 1917, p. 471.
2« Jour, ofAcetylene Ltg.,]ain., 1918, p. 240.
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and other places where the fire regulations are not so strict as in

this country. The objection to acetylene miner's lamps due to

their susceptibility to drafts and to concussion from blasting

has been eliminated by the vise of a wind shield and by the ad-

dition of a steatite ring placed around the base of the flame and

heated by it. This serves to re-ignite the gas in cases of momen-

tary interruption. The old Derby wharf light located off the

city of Salem, Mass., has been equipped-^ with an improved

automatic acetylene apparatus. Six tanks are provided which are

automatically cut in, thus requiring attention only once in six

months.

INCANDESCENT LAMPS.

Manufacture.—The fact that tungsten is used not only for in-

candescent lamps but also in connection with the manufacture of

steel makes its availability a matter of considerable interest. This

is particularly true since the advent of the war has curtailed the

communication which formerly permitted the importation of this

mineral from any part of the world. According to reports from

the U. S. Consul at Canton^^ there is a rapidly growing ex-

portation of Wolframite from China. Much of it comes from a

district so remote that the ore is carried on human shoulders for

a distance of 60 miles (97 km.), then 80 miles (125 km.) by

junks, and from there on by rail. It is also reported^*^ that the

Wolframite deposits recently discovered in Brazil are very rich

and their location favorable to exportation.

Further particulars are now available of the process^^ for

producing a continuous tungsten crystal as a filament to be used

in place of the ordinary drawn wire in glow lamps and referred

to in last year's report. A drawn tungsten wire which in the

initial cold state has a structure made up of parallel fibers begins

to recrystallize after a filament is heated to incandescence. When
this recrystallization is complete the extensibility and flexibility

imparted by the drawing process disappear making the filament

liable to breakage from shocks. It is the purpose of the new
process to preserve these properties both in the cold and hot states.

The crystallized filament is so malleable that it can be wound
-''Jour, of Acetylene Ltg., Nov., 1917, p. 180.

2« Sci. Amer., Dec. 1, 1917, p. 401-

2« Elec. (I,ond.), Nov. 16, 1917, p. 253.

»« Elec. Rev. (I^ond.), Dec. 7, 1917, P- 540-
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around the smallest mandrel and it maintains this property even

after burning for an extended period. Tests have shown^^ that

these filaments have remained mechanically strong even after

1,200 hours burning with no black deposit appearing on the inside

of the lamp bulbs. The radiant properties are said to be very

much the same as those of pure tungsten wire owing to the small

amount of thorium oxide used.

A German inventor has taken out a patent'^^ relating to tung-

sten lamps which aims to overcome the deteriorating effects of

substances used to prevent the blackening of the bulb by operating

the filament in an atmosphere of oxygen at low pressure. It is

stated that at low pressure the oxygen does not noticeably attack

the hot filament but that in the colder zones of the lamp it oxi-

dizes the vaporized tungsten, producing a colorless and non-

volatile deposit which does not increase the pressure and tends

to prevent discharges through the gaseous medium. The pressure

of the oxygen gas should be not more than 0.005 "^^' ^^ mercury

and not generally less than o.ooi. This effect may be obtained

by introducing into the interior of the lamp substances such as

manganese super oxide, or barium chlorate which at a tempera-

ture and under the conditions prevailing in the lamp when in

operation give up continuously as much oxygen as is consumed

by the oxidation of the vaporized tungsten. It should be noted

that this procedure has been common practice in this country for

several years. It may be interesting to add that the vacuum

ordinarily obtained in tungsten lamps is better than 0.0005 "^"^•

Despite the present long life (1,000 hours) of tungsten lamps,

a new arrangement of filaments in the bulb has been proposed,^*

which according to the inventor should lengthen the life of the

lamp to three times that ordinarily obtained. Twelve filament

sections are provided, each giving 25 cp. and burning independ-

ently of each other. Four are lighted at once when the lamp is

first turned on. When one breaks, a spring in the lower support-

ing wire causes contact with a second section. In addition to the

eight sections thus interrelated, four more sections, on an inde-

pendent circuit, may be put in service by pulling a chain.

31 Zeitz. Ver. deutch. Ing., Jan. 12, 1918, p. 15.

32 Elec. Wld., Nov. 3, 1917, p. 854.

38 Elec. Rev. (U. S.), May 25, 1918, p. 891.
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Carbon Lamps.—A circumstance which seems unexplainable

to the ordinary engineer is the fact that in spite of the cheapness

and superiority of the tungsten filament lamps, the use of carbon

filament lamps still shows an increase.^* The Governments^

retains its carbon lamp schedule in the ''Standard Specifications"

''because these lamps still properly find a considerable application

particularly in service where the renewal cost of tungsten lamps

would be excessive on account of an unusual amount of theft or

breakage." However, last year,^^ carbon lamps represented only

12 per cent, of the total sales of incandescent lamps and the pres-

sure being brought to bear on the saving of energy in all possible

directions may have a decided effect^^ in the direction of the use

of the more efficient type of lamp.

Portables.—For all classes of work where a portable lamp is

required and electricity is available for charging purposes, a

compact arrangement has been developed."^ It consists of five

storage cells together with two properly guarded i2-candlepower

lamps with reflectors and ii-ft. (3 m.) leads. One of the

lamps will run constantly for 24 hours on one complete charge

of the battery, or both lamps will run for 10 hours. The cells

are contained in a small steel box and the whole outfit weighs

only 40 pounds (18 kg.).

Properties.—It is understood that when a value is given for

the life in hours of an incandescent lamp, this means the average

life of a fair number of such lamps. An analysis of renewal

conditions based on a knowledge of percentage failure at various

hours of life of a large number of lamps has led^^ to the con-

clusion that it is not justifiable to judge the life performance of

an installation of incandescent lamps from the resultant renewal

data unless the latter covers a sufficient period of time.

Abroad a series of tests have been made^^ for the purpose of

determining the relative costs and merits of gas-filled tungsten

incandescent lamps and arc lamps for both interior and exterior

lighting. The author states that the tungsten lamp may compete

3* Elec. IVld., Nov. 3, 1917, p. 849.

as Circular No. 13, Bureau of Standards, Apr. 13, 1918.

»« Elec. Rev. (U. S.), May 18, 1918, p. 828.

3' Elec. Rev. (U. S.), July 20, 1918, p. 95.

38 Set. Amer., Sept. 29, 1917, p. 225.

»9 Elec. IVld., Jan. 12, 1918, p. 93.

*^ Zeit.f. Deui. Eng., July 28, 1917, p. 625; see also Sci. Abs., Oct. 31, 1917, p. 392.
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with Open or enclosed arcs burning plain carbons in the lighting

of interiors; and with flame arcs in exterior lighting.

An extended investigation has been carried out*^ on the effect

of the form of the voltage wave on candlepower, efficiency and

life of tungsten filament lamps operated on alternating current.

In order to magnify the effects, 20- and 25-watt lamps were used.

At the end of 1,000 hours burning the average candlepower of

lamps burned on a sine wave was slightly higher than those

burned on a peaked wave. Similar results were obtained in the

efficiency test. In the life performance, excessive breakage oc-

curred on the peaked wave, amounting to nearly five times that

on the sine wave.

The subject of "over-shooting" of the temperature and hence

the candlepower of tungsten lamps has been studied at some

length in the past. Recently there appeared a report of an in-

vestigation"*- on the amount of "over-shooting" in current, when
metal filament lamps are thrown in circuit. It was found that

the initial current does not rise to a value greater than normal

proportionate to the ratio of the hot to cold resistance. Various

factors decrease the efficiency voltage at the lamp, thereby pre-

venting the current from rising to a high value. The higher-

wattage lamps do not "over-shoot" to so high a percentage above

normal as the low-wattage lamps, and the "over-shooting" of

vacuum lamps is slightly less than that taking place in the gas-

filled type. It was found that with the circuit breakers and fuses

of proper rating and set correctly, there was no reason for trouble

when throwing in a circuit containing gas-filled tungsten lamps.

Tests have been made*^ to determine what conditions favor

flickering with a periodically varying source of light, the lowest

frequency permissible with modern metal filament lamps, and

the greatest voltage variation permissible on either direct current

or alternating current systems of a frequency too high to produce

flickering. The fact that the frequency at which flickering ceases

is, over wHde limits, proportionate to the logarithm of the intens-

ity of illumination, was confirmed. The permissible voltage

variation was found to depend upon the frequency. The lowest

« Elec. Rev. (U. S.), March 23, 1918, p. 542.

« Elec. Wld., March 2, 1918, p. 459.

« Elek. ZeiL, Sept 13, 191 7, p. 453.
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frequency at which flickering is avoided was about 30 cycles per

second.

Specifications.—The Government has again held a conference**

with the engineers of the incandescent lamp industry for the

purpose of revising the specifications for this type of lamp. For

the first time the new type of gas-filled lamp is referred to. It is

interesting to note that in Switzerland also *= revised specifications

for incandescent lamps have been worked out. Lamps are to be

•graded according to watts. For metal filament lamps two grades

of specific consumption are recognized, one for 800 hours life and

the other for 1,600 hours life. For gas-filled lamps only the 800-

hour life is considered. It is stated that the relations between

pressure, candlepower, watts, useful life and tolerance are based

on exhaustive tests partly carried out in the laboratories of the

Association Suisse des Electriciens and partly in other labora-

tories. The following data must be marked on the labels : manu-

facturer, voltage, consumption in watts, mark of the Association,

and at the desire of the purchaser, mean spherical candlepower

and mark of the purchaser. The Ulbrecht sphere is specified for

the determination of candlepower.

ARC LAMPS.

Flaming Arc Lamps.—The flaming arc lamp which uses cal-

cium fluoride as its extra light producing constituent has a de-

cidedly yellow appearance. The addition of uranium as an in-

gredient, together with the calcium fluoride results in a snow white

arc which is said to be exceptionally rich in blue and violet rays,

and to have considerably more photographic power than an arc

in which the rare earth fluorides or titanium oxide are used.**

This uranium arc has about six times as much ultra-violet radia-

tion as the ordinary iron arc used in medical work, and hence its

use for medicinal purposes is suggested. Efforts are continu-

ously being made to extend the sphere of usefulness of the arc

lamp. Thus the white flaming arc has been adapted for use in

moving picture projection in those cases where only alternating

current is available. A more uniform light distribution is obtained

and the noise is much reduced.

** Set. Amer., Oct. 13, 1917, p. 267.

« Elec. (I^ond.), Oct. 26, 1917, p. 115-

*« Elec. IVld., Nov. 24, 191 7, p. 1002.
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Motion Picture.—It is claimed*^ that the correct ratio of the

diameters of the positive and negative electrodes has an important

influence on the steadiness of the arcs used for cinematograph

work, and that a ratio of 4 to i is right. Further, by putting a

second coating of nickel over the copper plating of the negative

carbon, all flickering and sputtering can be avoided. As the

present vertical arc lamps used in moving-picture projection

work were found to be unsatisfactory when used with a new color

photography development^^ an improved arc has been worked

out for this special purpose. It is a horizontal magnetically con-

trolled arc which is claimed to give approximately one-third

more light for the same current than standard vertical arcs and

may be relied upon for consistency of position of the source.

An improvement in the carbon holders*^ for arc lamps enables

the use of any size carbon in the lower grip, by means of an

easily adjustable clamp. A lateral motion is also provided for.

Vapor Lamps.—The neon vapor tube when lighted shows a

predominence of red radiations. To obtain a light more suitable

for general purpose it is proposed^^ to correct this reddish effect

by the use of two tubes. In one are introduced a few drops of

mercury which are then volatilized with alternating current until

the neon radiations disappear. The result is a greenish light.

The green radiations of this corrector tube are then added to the

red radiations of an adjoining neon tube. It has been found that

if the red tube and the greenish corrector tube have the same

diameter and the same current is passed through both, the green

tube should be about twice as long as the red one to get the

proper proportioning of the colors.

An improved form of quartz mercury vapor lamp has been

brought out,"^ which is of the class known as the ''hot anode''

type, differing from other designs in that no mercury chamber

is used at the anode end, the cathode containing practically all

the mercury, the pressure forcing the mercury back into this end

continuously. The anode is of tungsten very highly purified to

prevent discoloration of the tube. The lamp may be operated in

*"! Ilium. Eng. (lyond.), Nov., 1917, p. 295.

* Moving Picture World, Oct. 6, 1917, p. 61.

<« Elec. Rev. (U. S.), July 20, 1918, p. 109.

'•^ Elec. Wld., Sept. 8, 1917, p. 469.

^1 Elec. Wld., March 2, 1918, p. 491,
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any plane and therefore permits of application to many types of

equipment. The lamp when starting takes 8.5 amperes at 220

volts but runs at 3.5 amperes.

Research.—Work on the carbon arc operated in an atmosphere

under pressure is still being carried on,^^ t^e latest experiments

dealing with atmospheres of oxygen, nitrogen and the gaseous

products of the arc itself. It has been found that there is a rela-

tively small increase in candlepower with increase in pressure for

the oxygen atmosphere. In nitrogen under pressure the arc is

considerably steadier than in air, and there is a small increase in

candlepower with increase in pressure.

LAMPS FOR PROJECTION PURPOSES.

Flashlights.—The extensive use and importance of flashlights

is indicated^^ by the demands of the Navy department which in

a single demand asks for 182,000 dry flashlight batteries and

68,000 flashlights without batteries. The shortage of materials

used in dry cells and small accumulators for pocket flash lamps has

stimulated in Germany^* the development of the hand operated

magneto. lyamps thus equipped are more expensive than the

ordinary type, but of course they do not need the battery charging

or replacement. A type weighing only one pound will provide

light for three minutes with one release of the spring which can

be wound with a pressure of the thumb. A heavier apparatus,

weighing five pounds and requiring both hands to wind the

spring, will furnish light for ten minutes on one winding. In these

types the armature rotates; in another lighter type the fields

rotate. A moderate sized apparatus for use with bicycles weighs

three pounds. Evidence of the use of these magnetos is indicated

in the report of the finding of one of the lamps and apparatus on

a battle field of France.^^ A new^^ battery flashlight is made

in the shape of a bullet 6 in. by i^ in. (152 by 41 mm.) in

dimensions.

Searchlights.—A new form of hand lamp of the projection

type^^ combines a reflector and an auxilliary deflector in such a

52 Elgc. Zeit., Dec. 6, 1917, p. 573-

53 Elec. JVld., June 29, 1918, p. 1401.

54 Set. Amer., Jan. 19, 1918, p. 67.

*5 Elec. Rev. (Lond.), Oct. 26, 1917, p. 39°-

50 Elec. Merch., Dec, 1917, p. 342.

57 Set. Amer., Jan. 26, 1918, p. 92.
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way as to give a concentrated beam extending for 500 ft. (150

m.), while nearby objects are illumed by a diffused light with

a minimum of glare. It consists of a light source of high candle-

power surrounded within its most useful, degrees by an annulus

of parabola for beam projection. The glareless and diffused gen-

eral illumination is secured by transmitting direct light through

as well as reflected light from the outer surface of a translucent

screen, which is light collecting by a spherical reflector adjacent

to the aperture of the beam reflector.

The battery searchlight operated on dry cells is being con-

stantly improved.^^ The combination of gas-filled tungsten lamp

and properly designed reflector has made it possible^^ to produce

an instrument with a range of 200 ft. (60 m.) up to ^ mile

(0.8 km.), operating on 6 volts. Equipped with a 7.5-in. (191.1

cm.) adjustable focus, single shell reflector, a photometer test

indicated over 400,000 equivalent candlepower.

Automobile Lamps and Headlamps.—The extent to which the

demand for electrical lighting equipment for automobiles has

grown is indicated by the fact®^ that there are said to be in opera-

tion at the present time some 4,000,000 pleasure vehicles, a large

majority of which have a unit power plant to furnish electrical

energy for lighting, starting and ignition. In order to make the

adjustment less difficult it has been suggested^^ that the ideal form

of filament for auto headlight lamps would be a duplex helical

filament with one helix lying in the focal axis and inside another

helix. It is claimed that such a filament would not require so

sensitive an adjustment as is now necessary for the best light dis-

tribution. Headlamps for automobiles with *'V" shaped doors

which blend with the contour of radiators of special design show

the extent to which specialization^^ is being carried in this direc-

tion.

A novel arrangement devised^^ to keep the light from an auto

within legal limits has been described. It consists of an all metal

cellular attachment, containing more than 9,000 small metal

reflectors. This attachment is put in the upper half of the head-
58 Eiec. /Record, June, 1918, p. 31.

68 Set. Amer., March 30, 1918, p. 271.

^ jEIec. /Record, June, 1918, p. 66.

«i £lec. Rev. (U. S.), Dec. 22, 1917, p. 1060.

62 Elec. Record, June, 1918, p. 37.

*** Sci. Amer., June 29, 1918, p. 583.
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lamp behind the regular glass door and is said to deflect those

rays which normally rise above the 42-in. (107 cm.) level. It is

claimed that the device transmits 93 per cent, of the lamp's candle-

power. The New York State headlight law passed last year

demands a light strong enough to reveal objects at a distance of

200 ft. (61 m.) ahead, and that no dangerous or dazzling light

when measured 75 ft. (23 m.) or more ahead of the lamp shall,

at the left of the axis of the car, rise above a level of 42 in.

(107 cm.). It has been suggested®* that a simple way of making

an ordinary clear glass headlight conform to this requirement is

to adjust the focus of the bulb so as to give a fan-shaped pencil

of emitted and reflected rays. Then paint the bulb a solid dark

green over that part of it through which would ordinarily go those

rays which project into space on the inroad side of the axis.

Another method of accomplishing this result is provided®^ in a

lamp whose bulb is partly silvered, partly frosted, and partly clear,

the silvering taking the place of the green paint. A different

method of glare control is found*^® in a device consisting of three

nickel-plated wings pivoted at the socket so that they can be made

to fold around the bulb in such a way as to cut off all except the

light coming directly through the tip. There have also been

devised spectacles®^ with the left part of each lens made of col-

ored glass to aid the driver in avoiding the glare caused by ap-

proaching undimmed headlights.

In St. lyouis®^ the question of whether auto headlights are too

dim or glaring is decided by measurement using a standardized

apparatus. It consists of a cabinet 5 ft. (150 cm.) high by 3 ft.

(90 cm.) wide and 2^ ft. (75 cm.) deep. An opening in the

front admits light from the headlights. This light falls on a test

curtain within the cabinet, the curtain being observable through

a peep hole in the side of the box. The apparatus was stand-

ardized as follows. After selecting a car in which the lights were

considered just right, the machine was placed at a measured dis-

tance from the cabinet and the headlights were directed upon the

slot. Back of the curtain was an electric lamp regulated by a

rheostat until the illumination on the curtain balanced that pro-

•* Sci. Amer., Sep. 8, 1917, p. 178.
<* Elec. Record, June, 191K, p. 72.
*« Illustrated IVld., March, 1918, p. 117.
'•' Sci. Amer., April 13, 1918, p. 348.
•* Sci. Amer., Jan. 5, 1918, p. 9.
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duced by the automobile headlamps. In testing the headlights of

a car the machine is placed at a standardized distance and obser-

vation through the peep hole will determine whether the lights

are too strong or too dim, the lamp at the back of the curtain

being kept at the standard voltage. The Committee on Automo-
bile Headlamps of this Society has made a comprehensive report

which will be found in the Transactions.^^

Mounted on the roof of a limousine type of automobile in such

a way that it can be raised or lowered, or rotated 2 ft. (60 cm.)

above the roof of the car by the chauffeur, a signal light is made
up^^ of a lamp and combination of colored glasses. By this means

the car can be readily located by its owner when it is in the midst

of a crowded group of other cars. Many tim_es in backing down
narrow roads or into garages, it would be helpful to have a light

in the rear of the machine. This need has been provided for^^

in a combination searchlight and tail light contained in a compact

case, the two parts being independently controlled.

An improved micrometer focussing device permits^^ of the

most delicate adjustment of the lamp in an electric headlight of

a locomotive. Independent movement vertically, horizontally and

laterally is provided. In a new headlight designed for use on

mine locomotives the lamp is fastened to the reflector and the

latter and the lamp socket are flexibly suspended^^ in the casing.

This helps in avoiding the effects of vibrations and jars. Another

large railroad^* has started to replace kerosene lamps with elec-

trical lamps for locomotive headlights. About 2,500 will be

changed at the rate of from 75 to 100 per month.

Signal Lamps.—Special lamps for signalling and for lighting

equipment have been developed^^ for use on aeroplanes. A
telegraphic signal lamp has been devised^^ consisting of a brass

anchor light with Fresnel lens and a specially constructed Morse

key which is provided with a condenser placed in its supporting

base. Many devices have been worked out^^ to warn users of

es Trans. I. E. S. (U. S.), July 20, 1918, p. 259.

70 Elec. /Record, Jan., 1918, p. 43.

'1 JSiec. Record, June, 1918, p. 37.

'' Pop. Set. Monthly, April, 1918, p. 579,
73 Elec. Record, July, 1918, p. 33.

74 Elec. Rev. (U. S.), Aug. 18, 1917, p. 283.

76 Elec. JVld., May 18, 1918, p. 1031.

7* Elec. Merchandising^, May, 1918, p. 275.

77 E/ec. Wld., Oct. 6, 191 7, p. 696.



466 TRANSACTIONS I. E). S. VOL. XIII, NO. 9, DKC 30, 1918

heating devices such as irons, etc., that the current is on. To
meet this need a Hne of receptacles and flush plates has been

designed. A standard flush plate is used in which is set a small

bull's-eye of ruby glass. Behind the bull's-eye is a receptacle

equipped with a two-candlepower lamp which shines through the

glass as long as the current is turned on.

Motion Picture Projection.—After considerable experimenta-

tion the past year has seen the introduction of the gas-filled

tungsten lamp into the realm of motion picture projection. Owing

to the fact that the intrinsic brilliancy of a tungsten filament at

operating temperatures is only about one-fourth that of the crater

of the arc ordinarily used and that the ordinary condensors pick

up a very large percentage of the useful flux of the arc and would

take up only a very small percentage of that from the filament it

was thought that the use of a tungsten lamp was impracticable in

cinematography.'^^ These difficulties have been met by the use

of a specially designed optical system. The most important part

of this system is a condensor which is designed with corrugations

like a semaphore or lighthouse lens. It was found possible with

this condensor (2^ by 6^ ft. (75 by 200 cm.) conjugate

foci) to intercept light through a solid angle of 75° instead of 32°

available with the ordinary piano condensors. The corrugations

also performed the further function of breaking up the image of

the filament thus eliminating streaks and non-uniform illumina-

tion on the screen. A further gain in the effective light available

was obtained by using a spherical mirror back of the filament,

so adjusted that the image of the filament is thrown back on

itself in such a way that the images of the segments occupy the

space between the segments and thus produce the effect of a solid

band of light. The lamp is of the gas-filled type having a specially

coiled filament, the coils in four segments lying in one plane. Two
sizes are at present available, one of 600-watts capacity, taking

20 amperes at 30 volts, the other of 750-watts capacity, taking

30 amperes at 20 volts. Extreme precautions are necessary with

these lamps to keep the current at a constant value since the

filament operates normally at a very high temperature which does

not allow of much fluctation if the rated life of 100 hours is to

^8 Gen. Elec. Rev., Dec, 1917, p, 979,

See also Trans. I. E. S., June 10, 1918, p. 232.
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be obtained. These lamps are said to be suitable for use in

theatres projecting pictures up to 14 ft. (4.3 m.) wide and with

a throw as far as 80 or 90 ft. (24 or 2.y m.).

It is claimed'^® that in Germany it has been found possible to

make lamps for projection purposes using currents as high as

200 amperes. The difficulty in making air-tight joints where the

leading-in wires pass through the stem is said to have been over-

come by a special method which, however, is not disclosed.

Apparently the lamps are of the same type, using a mirror, as

those just described. The efficiency is given as in the neighbor-

hood of 0.25 watts per hefner candle.

Miners' Lamps.—The U. S. Bureau of Mines has published^^ a

pamphlet in which has been compiled the coal mine fatalities in

the United States. There is included a list of permissible ex-

plosive motors, and lamps, bulbs, glasses, igniters, etc. This super-

cedes all previous lists dealing with safety lamps of both the

electric and flame type. In England®^ several types of flame

safety lamps as well as some electric lamps have been approved

during the past year. In the annual report of the Chief Inspector

of Mines of Great Britain for 1916^^ it is stated that difficulty

is still experienced in getting British manufacturers of glassware

to produce safety-lamp glasses capable of passing the necessary

tests and conforming to the general requirements as to color,

shape and uniformity.

INFLUENCE OF THE WAR.

While on the battlefield light, in all its various applications,

continues to be a vital factor, as in signalling through the use of

colored flares, rockets, etc.; in specific illumination as of "No
Man's Land" to prevent surprises; in searchlights both to aid iJi

advances and to protect from attacks; in flash lamps for trench

and scouting work; and while in the factory there has been a

greatly increased use of light, the influence of the war on ordinary

domestic lighting is strongly in the direction of curtailment for the

purpose of saving fuel.

The high speed night and day work required in munition plants

^9 Elec.^ April 12, 1918, p. 846.
80 Elec. Rev. (U. S.), Jan. 19, 1918, p. 137.

81 Elec. Rev. (lyond.), March 22, 1918, p. 274.

82 Elec. (I^ond.), Jan. 18, 1918, p. 590.
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and those working on war orders has emphasized^^ the importance

of good Hghting. Lack of proper illumination results in accidents,

mistakes, waste and labor limitations. In a powder mill the

question of safety is of paramount importance and special pre-

cautions are taken in such places to enclose the units to avoid

possible explosion resulting from exposed heated filaments, or

arcs, in case of bulb breakage. Another aspect of wartime

lighting is to be found in the lighting of the cantonments which

sprang up like magic last fall. Here the provision of sufficient

illumination to insure cheerfulness had to be combined with

adequate shielding to protect the eyes of the men from glare

from the lamps. The problem of protective lighting of buildings

and roads also required careful consideration.

It is stated^* that in both the French and Italian armies portable

electric light plants are being largely made use of for the lighting

of staff quarters. The generator, coupled direct to a gasoline

engine and mounted on a wooden platform is capable of being

carried by a couple of soldiers, and, having been transported on

a motor truck can be utilized in about an hour's time after its

arrival.

Restricted Lighting,—The Government has followed the lead

of foreign countries in endeavoring to save fuel by issuing orders

restricting its use for the purpose of maintaining display lighting

of all kinds. The first action taken, November 15, 1917, was the

restriction of the use of coal for sign lighting to the hours be-

tween 7.45 p. m. and 11 p. m. with certain exceptions.*^ Experts

of the Fuel Administration estimated that 250,000 tons of coal

are used each year for display electric lighting and it was hoped

much of this could be saved for other uses.

Subsequently*^ there was under consideration by the Fuel Ad-
ministration a plan for "lightless nights" in which it was proposed

to darken all outdoor lighting other than that required for police

purposes. This plan was put into effect by an order issued

December 14th making Sunday and Thursday nights practically

"lightless." This order also provided for the restriction of

considerable indoor lighting. Both orders were made inopera-
83 E/fc. Rev. (U. S.), Jan. 5, 1918, p. 3.

^ FJec. Rev. (I,ond.), Oct. 12, 191 7, p. 356.

•^ Elec. Wld., Nov. 17, 1917, p. 969.

*• Ibid., Dec. 15, 1917, p. 1 159.
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tive**^ for districts where energy is obtained through water power.

January 2nd a still more drastic order®^ by the State Federal Fuel

Administrator made the lightless rules apply to every night but

Saturday in New York State. However, these orders were

suspended^^ April 25th and a new order which is more drastic

for the New England and Eastern States than in those states

where the fuel transportation problem is not so great, went into

effect July 24th.^^ Under this order the use of light generated or

produced by the use of coal, gas, oil or other fuel for illuminated

or display advertisements, announcements or signs or for external

ornamentation of any building is to be discontinued on the first

four days of each week in the eastern states and the first two days

throughout the remainder of the United States. Street illumina-

tion is restricted and the use of light in show windows prohibited

from sunrise to sunset of each day of the lightless nights desig-

nated in the order. Similar curtailments were made in Michi-

gan;®^ St. Louis, Mo.; Indianapolis, Ind. ; Minneapolis, Minn.;

Cincinnati, Ohio, and throughout New England. In Philadel-

phia^^ gas lighters have been ordered not to light the gas lamps

until darkness, as a fuel conservation aid. Previously they had

often been lighted as early as 3 p. m. New York City experi-

mented^^ with partly darkened streets on the night of June 4th

as a precaution against possible bombing by aircraft sent out

from German submarines.

The president of one of the largest light and power companies

in the country®* is quoted as having given the following as the

advantage of restricted lighting: "From my viewpoint the most

important effect of the curtailment in the hours of operation of

electrically lighted signs will be the advertising effect, as the

absence of extreme illumination from signs and other special

lighting w411 bring home to people the fact that economy and

conservation of resources are policies to be followed by every-

body, let each particular saving be ever so small."

«7 Elec. Rev. (U. S.), Jan. 5, 1918, p. 32.

88 Elec. Wld., Jan. 5, 1918, p. 58.

8» Elec. IVld., April 27, 1918, p. 888.

90 Elec. IVld., July 6, 1918, p. 26, and July 27, 1918, p. 176.

91 Signs of the Times, Feb., 1918, p. 18.

92 Gas Age, Jan. 15, 1918, p. 93.

99 Elec. Wld., June 8, 1918, p. 1221.

^^ Central Station
,
Jan., 1918, p. 164.
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One of the results of the restricted sign-lighting orders^^ has

been to call attention to the relation which such lighting has to the

general illumination of streets and to emphasize the possibility of

increasing the regular street-lighting equipment in those localities

where a large amount of display lighting has led the public to

become accustomed to a certain degree of illumination. The

necessity of cutting down all kinds of display and sign lighting in

order to save fuel has raised a large amount of discussion in

which a question as to the advantage gained has been steadily

growing.^*^ In Boston it is claimed that with about 3,300 signs in

use only about 0.7 per cent, of the illuminating company's annual

coal consumption is involved. One of the corporations operating

in a number of cities in and out of New England states that the

total fuel requirement of the signs in its service is less than 300

tons (270 metric tons) in a year. In general there was a feeling

toward the end of last year among New England central stations

that the advantage gained in fuel saving through curtailment of

signs is very doubtful, and a similar feeling prevails regarding

street lighting. Reports from various cities indicate^^ a belief

that the saving in coal from such restrictions is not comparable

with the deleterious effects. In Boston approximately one-third

of the gas lamps and one-fifth of the magnetite arc lamps were

cut out and a good deal of complaint was made. At Cambridge,

Worcester and Salem service was curtailed but subsequently re-

stored. However, there has been shown throughout the country a

marked willingness to comply with any requests made by the

government in this direction. A decided protest against the whole

idea of restricted lighting for fuel saving purposes is found in a

paper before the New York Section of this Society where it is

emphasized that attention to waste in other directions will be

enormously more effective than any possible results from re-

stricted lighting.

In England the first order under the new Defense of the Realm
Regulations'^^ which impowers the Minister of Munitions to re-

strict the use of any form of artificial light was applied to the

county borough of Derby. It was decreed that no light should be

» Elec. Wld., Dec. 8, 1917, p. 1087.
«« Elec. IVld., Oct. 27, 1918. p. 825.

Ibid., April 6, 1918, p. 709.
*7 Elec. IVld., March 9. 1918, p. 526.
*" Elec. Rev. (L,ond.), Jan. 11, 1918, p. 41.
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1

used in any shop front on any week-day other than Saturday

after 3.30 p. m. Certain exceptions are permitted the object of

the restrictions being maintenance of supply of power. Further

restrictions in the consumption of gas and electricity for lighting

purposes were ordered^® in London on March 26th. Consumers

were allowed for any quarter, only five-sixths of their consump-

tion for the corresponding quarter for 1916 or 1917. And a

paradoxical situation has been created by compelling the gas and

electrical supply companies to report those using more than their

allowed quantity.

The lighting conditions in many provincial towns in England^^^

have been so unsatisfactory owing to the war restrictions that a

general awakening on the subject seems to have taken place and

where it has seemed feasible the lighting has been increased. On
the other hand numerous towns^*'^ report a complete or almost

complete cessation of street lighting during the summer. A new

order rationing both light and fuel went into effect in England

on July ist.^*'^ In Scotland^^^ the restrictions regarding shop

lighting and street lighting have been modified. But drastic

reduction^^* amounting to about 50 per cent, has been arranged

for in Glasgow. Lighting is to be graduated in accord with traffic

requirements. Owing to the curtailment of Irish coal supplies

by about 25 per cent, lighting restrictions on a somewhat drastic

scale have been put in force in all cities and towns in Ireland.^*^^

The municipal authorities at Rome have issued^^^ a new set of

regulations controlling the use of electricity for lighting. Exits

of theatres, concert halls, etc., will be allowed only one lamp not

exceeding 60 watts. The present lighting of shop windows and

show cases is to be reduced 50 per cent, by discontinuing one-half

of the lamps in use and keeping the candlepower of the remainder

at the present value. In Berlin^*^^ the authorities have published

a statement "that the dearth of coal makes it indispensable to stop

lighting the steps of halls." It would seem to be very question-

s' Ilium. Engr. (lyOnd.) March, 1918, pp. 67 and 92.

100 Ilium. Eng., Nov., 1917, p. 296.

101 Elec. Rev. (I^ond.), April 19, 1918, p. 372.

102 GasJour., June 11, 1918, p. 468.

10* Gas. Jour., Nov. 20, 1917, p. 381,

10* Elec. Rev. (I,ond.) May 3, 1918, p. 421.

KJ* GasJour., April 2, 1918, p. 28.

106 Elec. Rev. (I,ond.), Jan. 4, 1918, p. 10, and March 15, 1918, p, 252.

107 Ilium. Eng. (I^ond.), Sept., 1917, p. 242.
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able whether the saving in coal would compensate for the accidents

which such procedure would involve. Denmark also is con-

fronted with the possibility of a return to primitive methods of

lighting and heating. A report from a war correspondent from

Petrograd^^® states that on January nth the electric light failed

in many parts of the city and on the 12th a candle cost 2>4

rubles or $1.25.

Supplies.—In England^^^ the Minister of Munitions has taken

possession of all calcium carbides in the United Kingdom except

the stock of those persons not owning more than 50 pounds (23

kg.). A permit is required to buy or sell this material. In

Sweden a similar action became necessary owing to a shortage

created by the scarcity of petroleum. In Holland a rationing of

the coal gas supply for cooking and lighting has been decided upon.

Following the example of Great Britain^^^ the Signal Corps

of the government has requested the loan of lenses for cameras

for the fleet of observation aeroplanes now under construction.

A request has also been made ^^^ for all binoculars and telescopes

and up to November 23rd of last year over 600 had been turned

in. The Bureau of Standards is now perfecting^^^ a substitute

for the German ''crown barium" glass used in lenses and will

later be able to meet all needs. Hundreds, however, are required

at once. England is now making lenses better than those formerly

imported from Germany, but is utilizing all produced.

Camouflage.—It has been pointed out"^ that by the use of

properly colored glasses in conjunction with binoculars and

monoculars it may be possible to defeat the camouflaging effect

of colors of uniforms or objects of any kind so that the latter

will appear in contrast to their surroundings. Various methods

of ''camouflage" have been worked out^^* for the concealment of

hangars, houses and mercantile shipping based on color combin-

ation. Most of these do not seem to have been very successful.

What appears to be a promising method is based on what is

sometimes called Thayer's Law of the invisibility of an object
i^'s E/ec. Times, Jan. 17, 1918, p. 40.

1^* Gas Jour., Oct. 2, 1917, pp. 17 and 37.

J»0£"/<rc. IVld., Oct. 27, 1917, p. 832.

"1 Set. Atner., Jan. 19, 1918, p. 67.
'^'^^ PhotographicJour. ofAmer., Nov., 1917, p. 485.

"3 Elec. IVld., Sept. 29, 1917, p. 638.

"* Elec, Feb. i, 1918, p. 627.
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shaded darker on its upper parts and painted lighter on its lower

or under sides. Attention has been called to the fact that in work
of this kind it is desirable to deceive the camera as well as the eye.

STREET LIGHTING.

Since the introduction of the high-powered, gas-filled tungsten

lamp into the field of street lighting, a great many arc lamps

have been displaced by them. But that the arc lamp is by no

means a back number in this sphere of work is demonstrated by

its use in the so-called intensive or ornamental street lighting in

the main business streets of large cities. ^^^ This type of lighting

embodying the "city beautiful" plan was initiated in the so-called

*Tath of Gold" on Market street in San Francisco, and a similar

installation was made at about the same time in Salt I^ake City.

In last year's report reference was made to plans for the use of

this system in the Triangle district of San Francisco and Los

Angeles, the latter city introducing the novelty of having two

designs of standards alternating with somewhat different sil-

houettes. Among the other cities in which the pendant type

luminous arcs have been installed during the past year may be

mentioned Philadelphia, Pa.; Baltimore, Md. ; Bridgeport and

New Haven, Conn.; Lowell, Cambridge and Salem, Mass., as

well as others to be referred to later.

The Bureau of Standards has begun work on an extensive

series of measurements^^^ designed to provide information to be

incorporated in a street-lighting circular to be issued by the

Bureau. Among the early features of the work were measure-

ments made on two types of street arc lamps to determine the

distribution of light and variation of candlepower and efficiency

with current.

Some statistics on street lighting will be found under the

caption "Other Exterior Illumination : Parkways," and under the

heading of "War : Restricted Lighting" will be found references

to street-lighting conditions in various cities, while informaion

on progress elsewhere in this direction throughout the country

may be gleaned from the following illustrations:

San Francisco, Cal.—In the high class retail shopping district

11* From data submitted to the Committee on I,ighting and Illumination of the

American Institute of Electrical Engineers, and used by permission.

116 Elec. Eng., Dec, 1917, p. 36.
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adjacent to Market street there is proceeding the installation of

fixtures which will enable an extension of the luminous arc

system, using two 6.6 ampere lamps on special high standards.

These lamps were to have gone into service during the year but

owing to war conditions it is doubtful if they will be lighted until

after the war. These fixtures will replace a large number of 210-

watt, five-globe electroliers. The Twin Peaks Tunnel approxi-

mately 12,000 ft. (3.7 km.) long, has been lighted by the city

authorities by 25-watt lamps placed in refuge niches, spaced at

intervals of 50 ft. (15 m.) on each side. Being recessed these

lamps while giving sufficient illumination, do not shine into the

eyes of the motormen.

During the year arc lamps for street lighting have decreased

from 1,946 to 926, while a corresponding increase has occurred

in the number of gas-filled tungsten lamps with refractors. Ow-
ing to the shortage of power in California, it will be necessary for

tJie street lighting to be cut down and the same cause will affect

all types of ornamental and sign lighting.

Seattle, Wash.—Since April all cluster lamps in the downtown

district^^^ with the exception of four at each corner of street in-

tersections have been eliminated. If the experiment proves

feasible it will be continued, the purpose being the conservation

of oil. No changes have been made in the residential districts.

Portland, Ore.—New street lamps have been installed only in

those locations where they would directly or indirectly assist war

activities. A recommendation for 1,000 new imits was set aside

by the City Council.

Lincoln, Neb.—Carbon arc lamps have been replaced^^® by

double the number of incandescent lamps of the 600 cp., gas-filled

tungsten type.

West Liberty, Ind.—Unusual evidence of appreciation of the

value of good street lighting is presented^^^ in the case of this

small city which has a population of only 1,700. Originally

lighted by 26 arc lamps with one lamp at each street intersection,

a change was decided on when street paving was under considera-

tion. As a result the old system was dismantled, and ornamental

posts to the number of 24 for the business district and 178 for

1" Eifc. Wld., April 13, 1918, p. 807.
118 MunicipalJour., April 6, 1918, p. 281.
^^* £/ec. IVld., Dec. 15, 1917, p. 1141.
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the residential district, using lOO-watt tungsten units on the

former and lOO cp. units for the latter, have been provided.

Kansas City, Mo.—600 gas lights have been replaced with

electric lights.^^^

St. Louis, Mo.—On account of the war the increase in the

number of lamps for street, alley, and park lighting has been ex-

ceptionally small and probably not more than 20 per cent, of

what it would have been in a normal year. Only approximately

177 incandescent gas lamps, 7 arc lamps, and 3 incandescent

lamps have been placed in service. At the request of the Govern-

ment authorities early in the year, about 7 per cent, of incan-

descent gas lamps and 5 per cent, of arc lamps were discontinued

for a term averaging four months. The red globes of what are

termed "traffic lamps" have been changed to designation globes

(white globes with red horizontal bands).

Pine Bluff, Ark.—A new system has been installed^ ^^ compris-

ing 106 ornamental posts in place of 56 in the business district

furnished with one 250 cp. lamp each. 473 incandescent lamps in

the residential district have been increased from 32 to 60 cp. each.

New Orleans, La.—The first installment of twenty miles

(32.18 km.) provided for and referred to in last year's Report

has been completed.^^^ It consists of ornamental standards

mounting 200 cp. series tungsten lamps in round white globes in

double rows spaced about six units to the block. 3,300 pendant

type luminous arcs have been installed.

Grand Rapids, Mich.—It has been decided^ ^^ to replace arc

lamps with incandescents of the gas-filled type and in sizes from

400- to 600-watts. About 1,500 lamps are involved.

Detroit, Mich.—Practically all extensions of street lighting

have been in outlying sections of the city only, in sections recently

annexed and where no street lighting had been provided before

annexation. For this purpose about 500 lamps of the 4 amperes

arc type were installed. More than 1,000 arc lamps have been

disconnected in an endeavor to economize in the consumption of

fuel. During the winter additional lamps in the residential sec-

tions were cut out but subsequently placed in operation again.

120 Elec. Rev. (U. S.), May ii, 1918, p. 818.

121 MunicipalJour., Oct. 18, 1917, p. 387.

122 Elec. Wld., Feb. 9, 1918, p. 297.

i2« Elec. Rev. (U. S.), Dec. 8, 1917, p. 982.
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360 of the 4 ampere luminous arcs have been purchased for in-

stallation in residential sections for the ensuing year.

Columbus, Ohio.—All arc lamps except those of magnetite

type are to be replaced with gas-filled tungsten lamps of the 400

cp. size. 700 additional lamps of the latter type are to be instal-

led.^^* Late last year as a fuel conservation measure the mayor

ordered^^^ that only the top lamp in clusters of street lamps in

the business district be used.

Buffalo, N. Y.—The installation of approximately 2,000 street-

lamp posts of the boulevard or ornamental type equipped with

mantle gas-lamp heads has been provided for.^-^ The lamps will

range from 60 to 150 cp. Provision has also been made for

posts equipped for 40 cp. incandescent mantle lamps using naph-

tha or hydro-carbon fuel. These posts are to be of the boulevard

type.

Savannah, Ga.—Plans have been submitted^-'' to the city

council by an illuminating engineer for an entire street lighting

system. It is proposed to replace arc lamps with gas-filled tung-

sten lamps, and substitute single lamp posts for those carrying

ornamental cluster lamps.

St. Petersburg, Fla.—Gas street lighting has been discon-

tinued.^^^

Boston, Mass.—The number of street lamps in the city of

Boston up to and including July i, 19 18 is given in the following

table

:

Magnetite arc lamps, 800 cp 5,023

White Way Boulevard type 242 Total 5,265

Incandescent—^40 cp. 3,283

60 cp 1,278

80 cp II

100 cp 10

320 cp 6

Oas lamps—60 cp. single mantle 9,663

100 cp. double mantle 70

F. A. open flame 144

12* Elec. IVid., March 30, 1918, p. 702.

126 Elfc. tVld., Dec. 29, 1917, p. 1265.

i2« MunicipalJour., March 30, 1918, p. 267.

127 Elec. IVld., Feb. 9, 1918, p. 338.

128 Gas Age, Feb. i, 1918, p. 144.



REPORT OF THK COMMITTEE ON PROGRESS 477

During the past year there have been added for decorative

purposes about lOO lamps of the White Way Boulevard type

which number is included in the above table.

Gardner, Mass.—93 gas lamps are to be replaced with electric

lamps and 750 new electric lamps are to be installed.^ ^^

The installation of a system of street lighting, the replacement of

one type by another, increases or other changes in existing installa-

tions have been planned or provided for in the following cities '}^^

Hoquiam, Prosser, and Spokane, W^ash. ; Orange, Cal. ; Mann-
ville, Wyo. ; Nampa, Idaho; Chester, Livingston and Harlem,

Mont. ; Omaha, Bayard, Oconto, Carroll and Hartwell, Neb.
;

Lanesboro, Eddyville, Vail and Hamburg, la.; Eldorado, Ran-

dolph and Palco, Kas. ; Columbus and Corydon, Ind. ; Toledo and

Dayton, Ohio ; Knoxville, Tenn. ; Netcong, Hopewell, Perth Am-
boy, Newton and Jersey City, N. J. ; Reidsville, Ga. ; Halifax,

Greensburg and Beaver Falls, Pa. ; Dunkirk, TuUy and Johnston,

N. Y. ; Terryville, Conn. ; Whitman and Fall River, Mass. ; Gray-

ville. 111.; Fort Smith, Ark.; Gueydan, La., and St. Thomas, Ont.

England.—Owing to complaints^^^ that the illumination pro-

vided under war regulations was less than in other districts, the

Metropolitan Borough of Islington has had a survey made, by an

illuminating engineer, of lighting conditions, and recommenda-

tions for improvements have been made. The London "Safety

First" Council has resolved^^^ to invite the Central Lighting

Authority through the Home Secretary, to adopt a diffused, sub-

stantially uniform illumination of districts in the Greater London

area where military exigencies and local conditions permit. At

Denzes a special committee has been appointed^^^ to consider the

question of lighting the town by electricity after the war. At

Tottenham it has been decided to replace arc lamps with incan-

descents and the Stepney Borough Council has recommended^^*

a disposal of its stock of arc lamps and fittings owing to the in-

creased use of tungsten gas-filled lamps.

Petrograd.—Reports from Petrograd^^^ indicate great un-
129 Elec. IVld., June 29, 1918, p. 1401.

I*' Construction Notes, Elec. Wld., Elec. Rev. andJour. 0/ Elec, 1917-18.

m Elec, Feb. 15, 1918, p. 690.

132 Elec Rev. (I,ond.), April 26, 1918, p. 398.

"3 Ibid., Feb. 22, 1918, p. 180.

13* GasJour., Feb. 19, 1918, p. 340.

13* Elec. Times, April 25, 1918, p. 256,
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certainty in the lighting situation. One correspondent writes

*'For indoor illumination you use a candle and it costs you five

shillings The lighting has been bad for two years."

South Africa.—A report of the number and candlepower of

street lamps in various cities of South Africa has been pub-

lished.^^^ The Paarl (Cape Province) municipality is planning

on an extension of the street lighting system.

OTHER EXTERIOR ILLUMINATION.

Data have been given^^^ showing the lighthouse equipment of

Great Barrier reef which forms a natural breakwater about

1,000 miles (1600 km.) long on the eastern coast of Queensland.

Flashlight acetylene lamps are used of the automatic or "unat-

tended" type, those of 1,500 cp. being visible for 13 miles (21

km.) while those of 5,000 cp. can be seen at nearly 26 miles

(42 km.). What is said to be the most complete and modern

wholesale produce market in the country,^^^ has been completed

in lyos Angeles, Cal. The lighting is accomplished by means of

36 gas-filled lamps of 300 cp. each, supported at a height of

approximately 30 ft. (9 m.) by tubular steel posts 5 in. (13

cm.) in diameter and tapering toward the top, which is arranged

as a flag-staff.

Display Lighting.—A good illustration of co-operation between

a landscape architect and an illuminating engineer is to be found

in the lighting of a fountain on a country estate.^^^ By the use of

concealed lighting (red, green and blue lamps in four sets of out-

lets), the water in the pool and falls is made to assume the pri-

mary hues and intermediate tints. The circuits are arranged for

independent or flasher control. The use of color in floodlighting

and display lighting^*** was well illustrated in the spectacular

illumination of the Canadian National Exhibition at Toronto.

The fountain was lighted by 16 groups of floodlighting units,

nine 200-watt lamps to a group arranged around the outer rim

of the large catch basin just below the surface of the water.

White, blue and green lamps were employed. The dome of the

horticultural building was lighted by alternate rows of red, white
18« EUc. Rev. (Ivond.), Oct. 12, 1917, p. 357.
18T Elec. April 12, 1918, p. 846.
138 Elec. Rev. (U. S.), June 8, 1918, p. 962.
J» Elec. Rev. (U. S.), March 30, 1918, p. 551.
1^ Elec. News, Oct. i, 1917, p. 56.
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and blue lamps, 212 in all. The grandstand was provided with

40 reflector units of which 24 were stationary and the remainder

movable. The reflectors were 28 in. (71 cm.) in diameter, car-

ried i,(X)0-watt lamps and were provided with colored glass

screens.

Parkways.—Statistics have been gathered^*^ by the Bureau of

Census showing the relative use of different illuminants for park

and street lighting during the past ten years. The results are

shown in the following table:

Per cent, of total number

Park lighting Street lighting

Type of lamp 1916 1909 1907

Electric arc 8.5 34-5 34-2

Incandescent electric 80.1 16.3 10.6

Gas 6.2 41.5 45.1

All other 5-3 77 lo.i

It will be seen that for this type of lighting the use of incan-

descent lamps has been growing steadily. The fact that at the

153 safety islands at street intersections in Chicago,"^ 270 acci-

dents occurred in one year has led to investigation of causes and

a recommended type of standard. Posts should be painted white

and surmounted by a red globe. A white globe with a red bulb

inside has not proved satisfactory, nor the two-colored globe, red

above and white below to light up the posts. Small white lights

in opaque reflectors just below the red signal will furnish the

illumination of the post without causing glare in the eyes of

drivers.

The use of small farm-lighting plants^*^ operating on a storage

battery is growing.

Floodlighting.—A novel method of obtaining the floodlighting

of a store building front was worked out"* in a city where the

projection of floodlight across the street is prohibited. An elec-

tric sign extending the length of the building was made in the

form of a valance and attached to the outer edge of the eaves

of the roof. The lower outline of the valance is closely studded

with bull's-eyes which project light used for floodlighting in the

rear of the sign; lOO-watt gas-filled lamps are used as sources.

More attention is being paid to detail in floodlighting installa-

i« Elec. IVld., Sept. 29, 1917, p. 638.
"2 MunicipalJour., March 16, 1918, p. 221.
i« Elec. Rev. (U. S.), Dec. as, 1917, p. 1078,
1<* The Dougherty News, July, 1918, p. 8,
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tions.^^^' This is illustrated in the case of a Western bank lighted

by the use of 12 projectors containing six 500-watt and six 750-

watt lamps. It was desired to preserve the appearance of the

architectural features as seen under noon sunlight, and projectors

placed in three horizontal banks were mounted on a building

diagonally opposite in such a position and at such a height as to

simulate this condition. Another example^'*® of floodlighting a

large building is that of the administration offices of the Utah

University which is rather unique as educational institutions are

not ordinarily so treated. Ten 500-watt projector units are used.

The floodlighting of the traffic officer^** as he stands at his post

on dark and fogg}* nights has been found so satisfacton.' in St.

Louis that searchlights for this purpose have been installed at

five especially dangerous crossings.

A unique application of floodlighting^*- is to be found in its

use to illuminate an enormous sign made of concrete and built

into the side of a hill. One of the numerals in the sign is 70 ft.

by 130 ft. (21 m. by 40 m.). Nine i.ooo-watt projector units

are used, arranged in a horizontal line on a platform supported

by two poles.

Protective Lighting.—Much attention and study has been given

to the subject of protective lighting^*^ as many factors of illumi-

nating engineering practice such as intensity, distribution and

glare have marked significance and their correct co-ordination is

of vital importance in the application of this branch of lighting

to industrial activities. It has been pointed out that searchlamp

and flood-lamp requirements are diff"erent and that in many in-

stances either or both are used when ordinars- reflectors would

be sufficient.

War conditions and the enormous amount of capital involved^^"

has led a number of oil companies in Oklahoma to protect their

properties at night by floodlighting. Owing to the areas to be

covered, in one case a farm 14 miles (23 km.) by 3 to 4 miles

(5 to 6 km.), special equipment was de\'ised. The lamps are

mounted 56 ft. (17 m.) from the ground on pipes extending up

^^Jour. •/EUc. Jan. i, 191S. p. 37.

"^^Jour. of EUc, March 15. 191S. p. 294.

i« MunicipalJour., March 5, 1918. p. 12.

i« Elec. Wld., Sept. 29, 1917. p. 635.

!*• Eltc. Wld.. June 15. 191S. p. 1269.

"* Gen. Elec. Rev.. Oct.. 1917. P- S16.
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from the roofs of look-out towers. These towers are located

approximately i mile (1.6 km.) apart and an armed guard at

each one controls the lamp which may be moved both horizontally

or vertically, thus sweeping the beam over a large area. The units

used are floodlighting projectors containing 400-watt lamps. To
aid in constantly guarding a western dam^^^ use has been made
of a source consisting of a 14-in. (35.5 cm.) silvered reflector

backing a group of ordinary gas mantles. The projector is

mounted above an oblong case containing the fuel and pressure

tanks and all operating valves. Gasoline is used for fuel and it

is claimed the arrangement is easily handled by one man and par-

ticularly useful for isolated locations where gas or electricity is

not available. As war conditions continue^^- the importance of

protective lighting has been more and more appreciated. This is

particularly true of power plants and various methods are em-

ployed. A system used by a large plant which supplies power to

a lead and zinc mining district leaves the power-house itself in

total darkness but all avenues of approach so brilliantly lighted

that the unnoticed advent of a nocturnal visitor would be im-

possible.

The United States War Department has issued a pamphlet on

"Protective Lighting" (Document No. 800) in which the need

for protection of public works, industrial plants and other prop-

erty which is vital to the prosecution of the war and to the wel-

fare of the public is described. The important place of artificial

lighting as a means of guarding such property and methods of

making such lighting effective and of insuring continuity of

lighting service are described. The material for this pamphlet

was prepared by our Committee on War Service.

Sports.—The lighting of outdoor playgrounds is by no means

confined to electric sources. ^^^ Gas arcs have been used and those

of the five-mantle outdoor type have been found satisfactory.

In general, use of floodlighting for outdoor sports has become so

common^"* that it is something of a novelty to find a place where

this method has not been used. In the case of a certain athletic

field the cost precluded the adoption of floodlighting. Good re-

sults were obtained, however, by using thirteen 1,000-watt lamps
161 Pop. Mech., Dec, 1917, p. 894.

^''^Jour. of Elec, Dec. 15, 1917, p. 54°-
1*3 Gas Industry, Sept., 1917, p. 462.
1" Elec. Wld., Dec. 22, 1917, p. 1200.



482 TRANSACTIONS I. E. S. VOIv. XIII, NO. 9, DKC 30, I918

in angle reflectors on each side of the field which is approxi-

mately 450 ft. long by 270 ft. wide (137 m. by 82 m.). On
one side the lamps were mounted under the edge of the roof of

the grand stand. On the other side they were supported on a

cable carried by three poles. The lamps were all mounted at

approximately 45 ft. (14 m.) from the ground and spaced about

25 ft. (7.6 m.) apart. The average illumination was 1.55 foot-

candles (1.68 mph.)* with a maximum of 4.40 (4.74 mph.) and

a minimum of 0.394 (4.24 mph.). In front of the grand stand

the average illumination was 2.79 foot-candles (3.0 mph.). Trap

shooting by electric light^^^ has become quite popular, arrange-

ments for it having been installed among other places, in Salem,

N. J.; Jacksonville, 111.; Chicago and Evanston, 111.; Yorklyn,

Del. ; Newark, Cal. ; Clarksville, la. ; and Portland, Ore.

A case is recorded^^^ of threshing being carried on at night with

the aid of lamps placed in the barn. A shortage of labor having

made it impossible to get help by day, enough men who are em-

ployed in shops in the daytime were obtained to carry on the

work.

Electrical companies and town councils have offered^^'^ to pro-

vide the lighthouses necessary to light the aerial route between

Dayton, Ohio, Indianapolis, Ind., and other cities to be used by

the aviation corps of the army. Searchlights will be turned

upward each night to guide the aviators in their flights.

INTERIOR ILLUMINATION.

Types.—Certain conclusions were reached regarding the rela-

tive expense of direct, indirect and semi-indirect methods of

illumination in connection with a series of tests by a foreign

engineer to determine the relative costs and merits of gas-filled

tungsten incandescent lamps and arc lamps. ^^^ The tests were

made in a room ten meters by six meters, with white ceiling and

frieze and gray walls. The watts per lux per square meter of

floor area was taken as a basis of comparison. The results indi-

cated that semi-indirect lighting with tungsten lamps is as cheap
166 four, of Elec, Dec. 15, 1917, p. 558.

156 Elec. Wld., Dec. i, 1917, p. 1072.

1" Elec. (L,ond.), Nov. 23, 1917, p. 260.

1*8 Zeits. Ver. Deutsch. Ing., July 28, 1917, p. 625.

See al.so Science Abstracts B, Oct. 31, 1917, p. 392.

* Milliphot — (i phot = I lumen incident per sq. centimeter = 10,000 lux = 1,000 mil-

liphot.)
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as, or cheaper than, direct lighting; for equal illumination in-

direct lighting is about 20 per cent, dearer than direct and 30 per

cent, dearer than semi-indirect lighting. These results have been

criticized by another foreign engineer who claims that indirect is

82^ per cent, and semi-indirect 40 per cent, dearer than direct

lighting where the comparison is made with the most efficient

types of reflectors in the three systems, given identical conditions,

and as a requirement, the same foot-candle illumination. Refer-

ence should be made to the data presented^^*^ to this Society on the

proportions for general and localized lighting. A large number
of cases where such a combination is used makes any data on the

subject valuable.

House Lighting.—For some time there has been a tendency in

the better class of new houses to omit the center chandelier, but a

western builder has carried this idea still further and eliminated

side lighting brackets, thus causing no breaks in the lines of either

walls or ceilings."" Plenty of daylight is furnished and at night

the same effect is simulated through the use of portable pedestal

lamps giving a totally indirect system of general illumination.

Localized lighting is provided by portable table and desk lamps.

School Rooms and Work Shops.—More experiments have been

made and described^^^ before the German Illuminating Engineer-

ing Society on the lighting by gas of school rooms and work
shops. The rooms in question varied in dimensions from 15 to

168 square meters in floor area. Various systems of lighting,

including direct and indirect lighting, and lamps in specified re-

flectors arranged directly on the ceiling and at various heights

below it were studied. The gas consumption, the diversity factor

(maximum/minimum) and the illumination from the floor area

were measured in each case. The method of mounting lights

directly on the ceiling is referred to with special approval. In

this case the best results were obtained with a clear globe or chim-

ney and a white glass shade. In comparing the actual illumination

with that obtained by calculation using Lambert's Formula it was

found that in general for direct lighting the agreement was good,
159 Elec. Rev., Nov. 24, 1917, p. 891.

\^Jour, of Elec, March i, 1918, p. 239.

101 Elek. u. Masch., May 27, 1917, p. 252.

See also Science Abstracts B, Nov. 30, 191 7, p. 429.

///. Eng. (I^ond.), Sept., 1917, p. 235.
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the observed results being usually 6 to ii per cent, higher than

the calculated, owing to reflection from walls and ceilings. The

data bear out the impression that the illumination derived from a

given consumption with indirect lighting is not far removed from

half that obtainable from a good direct lighting installation, while

a semi-indirect system occupies an intermediate position. In the

discussion there was suggested the desirability of a more precise

definition of terms such as diffused and reflected light and of the

terms applied to shadows. It is interesting to note that our own
Committee on Nomenclature and Standards has considered the

definition of such terms for inclusion in its annual report.

Museums.—In the Progress Report for 1916 reference was

made to the problems involved in the lighting of a natural history

museum. Some of these have apparently^^- been solved in the

Academy of Sciences in San Francisco, the largest museum on

the western coast. Two of the large exhibit halls, 180 by 60 ft.

(55 by 18 m.), are devoted to the birds and mammals of the

Pacific coast, which are shown in groups in compartments ap-

proximately 25 ft. (7.6 m.) wide by 13 ft. (4 m.) deep with

a semi-circular background. A double system of skylights is

used, a small one arranged some 4 ft. (1.2 m.) above a large

one. This prevents sunlight from reaching the specimens directly

and fading them. It also provides sufficient diffusion to give

shadows such as might be found in the open. At night the effect

is duplicated by the use of two 500-watt lamps with wide, flat

reflectors located just to the rear of the upper skylight. The

strength of the light and the diffusion through the second ground

glass has been so carefully gauged that it is said to be difficult to

tell when the lights are turned on in the late afternoon. The
fact that artificial illumination does not fade specimens and its

adaptability for spectacular features has been made use of in

lighting a collection of ducks and geese. The effect of a sunset

is enhanced by a special lamp and reflector which focuses the

light on the painting so that this portion of the scene is actually

brighter than the rest. The main body of the exhibit halls is

lighted by the indirect system using troughs above the moulding.

A western agricultural college has adapted one of the larger type

of artificial light units designed to give true color values to work
^*^your. of Elec.y March i, 1918, p. 228.
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with a microscope on temporary mounts and stained prepared sec-

tions.^^^ Suspended over the laboratory table it has been found
to furnish light enough for four students, even for the high-

power dry or the oil-immersion objectives.

Clubs.—Two garden foyers, one at each end of the promenade
of a country club, have all their lighting supplied^®* by two 7 ft.

(2.1 m.) floor pedestals each of which contains two 500-watt

gas-filled tungsten lamps in silvered mirror reflectors. The ceil-

ings are tinted a faint sky blue and the indirect system of illumi-

nation not only avoids shadows and glare but brings out clearly

every detail of the decoration.

Theaters.—The growing appreciation of the value of color in

creating the right atmosphere in places of amusement is shown
in the lighting installation of one of the newest and largest

moving-picture theaters in the west.^^^ The semi-indirect system

is used and each of the massive wrought metal fixtures contains

globes of four colors, amber, white, red and blue. The four cir-

cuits are independently controlled and by the use of motor-

driven dimmers any desired effect can be secured. Floor lights

are used to assist patrons to find their seats. The exterior is

floodlighted from concealed sources. In an eastern theater^^®

incandescent gas lights are employed to produce a semi-indirect

side wall illumination by the use of green reflector shades. The
lights are about 15 ft. (4.5 m.) apart, give all the illumination

needed and while burning all the time apparently do not interfere

with the viewing of the pictures judging by the lack of complaints.

In an extensive report^^^ by the Cinema Commission of En-

quiry in England it is recommended that there be adequate illumi-

nation of the picture houses while the films are being shown and

that an illumination of o.i foot-candle (0.107 mph.) seems reason-

able. It is further recommended that the front seats should be

removed to at least 20 ft. (6m.) from the screen. The London

Illuminating Engineering Society was invited to co-operate with

the Commission in regard to questions of lighting. The growing

use of shaded lights placed on the sides of theatre chairs^^^ to

163 Science, Dec. 28, 1917, p. 641.

"^^Sct. Amer., Jan. 19, 1917, p. 67.

165 Moving Picture World, Dec. 22, 1917, p. 1798.

!«• Amer. Gas Eng.Jour., Oct. 20, 1917, p. 359.

i«7 ///. Eng. (I,ond.), Sept., 1917, p. 233.

1*8 Moving Picture World, Jan. 19, 1918, p. 375.

5
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illuminate the steps of aisles indicates the extent to which special-

ized lighting is being pushed. Formerly this work was done,

when done, by an usher carrying a pocket flash lamp.

Stores.—Dissatisfied with semi-indirect fixtures available, a

large department store company has had designed^^^ and installed

a totally indirect system with some novel feaures. The fixture

is made of plaster of paris in the form of an inverted bowl sur-

rounded by a trough like a cornice, and the lamps lie in the

trough. The dome is filigreed to admit light within it, giving the

fixture a transparent appearance of lightness, while the exposed

surfaces are a light ivory in color to match the ceilings and

thereby be as inconspicuous as pcssible. Six hundred watts are

used in each trough, the bowl is 30 in. (76 cm.) across and hung

so that its lower edge is 29 in. (74 cm.) from the ceiling which,

in turn is 21 ft. (6.4 m.) from the floor. The fixtures are cen-

tered in bays 24 by 16 ft. ( 7.3 by 4.9 m.) and are used through-

out the main floor. It might be added that the dome-like char-

acter of the fixtures is consistent with the nickname of the store

which is known as the "dome" store.

An adaptation of the camouflage idea to show-case illumination

is to be found^^^ in a device which consists of three parts : (i) a

nickel-finished reflector bowl which contains the lamp and acts

as a base
; (2) a plate glass shelf mounted on the base and adapted

to display goods; and (3) an upright card rack for price cards

and reading matter. The reflector has a hole in the bottom so

that when set on a glass-top show-case it illuminates the goods

below it and the source of light is not at once apparent. An in-

stallation^^^ in which an impression of direct lighting is given

through the use of center fixtures with luminous-bowl reflectors,

but which in reality is almost wholly one of indirect lighting, is

to be found in a fur store. Reflectors countersunk into the tops

of the wall cases help the reflectors in the center fixtures, to

illuminate the ceiling.

Industrial Plants.—The National Commission for the Preven-

tion of Blindness has issued^^^ a publication on eye hazards in

industrial occupations which covers an investigation of some

seventy plants, embracing many different kinds of industries.

i6»yoMr. 0/ E/ec, March i, 1918, p. 225.
"« Set. Amer., Sept. 29, 1917, p. 223.
171 £/ec. Merch., Tune, 1918, p. 310.
"2 Publication No. /2, Nov., 1917, p. 121.

I
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A section is devoted to industrial lighting and the "Codes of

Lighting Factories and School Buildings," prepared by our So-

ciety, as well as the booklet 'Xight, Its Use and Misuse" are

recommended to those seeking manuals of such information.

There is advocated an illumination of the order of 4 lumens per

square foot (4.3 mph.) as reasonably satisfactory for the gen-

erality of ofifices, and tables are given showing the watts per

square foot required to yield this illumination both for gas and

electric units, assuming various finishes for walls and ceilings.

Canadian practice in industrial lighting is illustrated^^^ in that

of a new steel plant. The three chief areas to be lighted are a

Crane Bay (Furnace Room); Transformer Room; and Stock

Yard. In the Crane Bay, a building approximately 75 by 600 ft.

(23 by 183 m.), 1,000-watt gas-filled tungsten units are in-

stalled, spaced 45 ft. (13.7 m.) apart one way and 37^ ft. (11.3

m.) the other way. Steel enameled fluted deep bowl reflectors

are used, the mounting height being about 40 ft. (12.2 m.). The
average foot-candles obtained is approximately 2.8 (3.0 mph.).

In the Transformer Room wall fixtures are employed. These

consist of two lOO-watt units in steel angle reflectors 18 in. (45
cm.) from the wall and 15 ft. (4.6 m.) from the floor, on approxi-

mately II ft. (3.4 m.) centers. A fairly uniform illumination of

about 2.5 foot-candles {2.^ mph.) is the result. The Stock Yard
is lighted to an intensity of about i foot-candle (1.07 mph.) at

the loading platforms and 0.2 foot-candle (0.215 mph.) else-

where. For this purpose 500-watt lamps are used, mounted in

steel reflectors under the eaves of the buildings at a height of

36 ft. (11 m.) and spacing of 45 ft. (13.7 m.).

Side wall illumination in a power station has the advantage of

easy accessibility to fixtures and nearness to the plane of illumina-

tion, a few feet above the floor. But the glare has been found

disadvantageous and after experimenting, one company^^* has

standardized on overhead lighting using 200-watt lamps mounted

33^ ft. (10.2 m.) above the floor. A resulting illumination of

about 3^ foot-candles (3.6 mph.) is obtained and has been found

satisfactory. A typical illustration of war time factory lighting

by gas^^^ is to be found in a large shoe factory.

A review of some of the most up-to-date installations around
173 Elec. News (Canada), Oct. i, 1917, p. 45.
"4//. E.L. A.BuL, Feb., 1918, p. in.
1^6 Gas Age, April i, 1918, p. 321,
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Portland, Ore., has shown^"" among others the following values

for wattage per square foot in a lumber mill, a dock and its

warehouse

:

Watts per square foot (Watts per sq. meter)

Planing section, lumber mill 0.33 (0.0306)

zi ( -0344)

53 ( -0493)

16 ( .0149)

16 ( .0149)

12 ( .0111)

Trimmer section, lumber mill

Log deck, carriage and saw mill

Main floor, dock

Lower level, dock

Warehouse connected with dock

What is said to be the largest garbage disposal plant in the

world has been placed in operation on Staten Island. Special

attention has been given^^^ to the lighting features. Among the

novel problems to be solved was the proper illumination of the

interior of the reducers. Two openings with suitable projections

were cast in the top of the tanks. These are placed at such an

angle that the light entering one is specularly reflected from the

surface of the charge to the second opening. A parabolically

shaped and polished aluminum reflector is fixed inside one open-

ing with an aperture large enough to permit the closing of the

hole by a steam-tight glass plate and gaskets. A low voltage 12-

candlepower automobile headlight lamp, suitably protected, was

found to give enough light when inserted through the opening in

the reflector. The general lighting of the reducing room is given

by 200-watt lamps in steel reflectors producing a specific power

consumption of 0.33 watt per square foot (0.0306 watt per sq. m.)

of floor area.

Transportation.—There has been compiled and is now avail-

able^^*^ a summary of present practice in railway coach lighting,

including special reference to recent improvements. A standard-

ized example^^^ of this type of lighting is to be found in the use

of semi-indirect bowls, the principal illumination in the car being

obtained from light reflected from the ceiling.

Almost everyone who has travelled at night has been annoyed

at times by light shining into the berth, coming from lamps left

lighted to illuminate the aisles. The Pullman Company after

considerable experimentation has developed^^^ an installation

y^^Jour. of Elec, June i, 1918, p. 550.

1" Gen. Elec. Rev., Dec, 1917, p. 964.

"8 Rlway Elec. Eng., Dec, 1917, p. 329.

^'9/bid., p. 378.

i»f> /bid., Feb., 1918, p. 47.
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which is expected to be a solution of this problem. The result

has been accomplished by using low candlepower tungsten lamps
in receptacles placed under the ends of alternate seats and
shielded by green glass.

In the lighting of trolley cars the modern reflector method with

the units arranged in a single row in the middle of the center

deck has met the needs so well that it is being extensively used
in new cars^^^ and many roads are changing over existing equip-

ment, but there is one bad feature of street and interurban car

lighting, much more in evidence in the latter case than in the

former, namely, the effect of voltage fluctuations in the lighting

circuits. To meet this difficulty a motor-generator set has been

developed for use on interurban lines which it is claimed main-

tains the illumination without appreciable fluctuations and also

preserves the continuity and intensity of the light from the head-

lights. By using a shunt or compensating device similar to those

used with arc lamps, it has been found possible^^^ to cut down
considerably the maintenance cost of lighting in electric railway

cars.

FIXTURES.

One of the most striking evidences of the value of co-operation

in any branch of industry is standardization. As the result of

some months work on the problem at joint meetings of the

Reflector Committee of the Association of Manufacturers of

Electrical Supplies with committees of both reflector manufac-

turers and the engineering departments of various lamp com-

panies, certain standard dimensions and specifications for por-

celain-enameled steel dome reflectors have been adopted by the

manufacturers. A quality of enamel has been adopted after a

consideration of the efficiency for light purposes, and the elas-

ticity. It is felt that the adoption of this standardized type of

reflector is but the first step in the co-ordinated development of

reflectors by the commitees.

Reflectors.—There is a continual increase in the number of

semi-indirect fixtures made up of two parts, an upper diffusing

and reflecting glass canopy suspended over a diffusing, translu-

cent bowl. These are designed primarily for stores and oflice

181 G&ti. Elec. Rev., Feb., 1918, p. 124.

182 Elec. Rlwayjour., May 18, 1918, p. 978.
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buildings. A similar construction, but made entirely of metal, is

found in a group of fixtures designed for industrial plants. Then

there is an extensive intermediate type in which the reflector is

of metal and the bowl of glass, and this type is used both in stores

and factories. Among the first named^®^ is a new unit in which

the upper reflector is made with a prismatic under surface,

thereby, it is claimed, intensifying the light reflected downward.

The use of a simple tripod holder permits the mounting of the

translucent bowl without the use of holes or supporting rods.

Still another two-piece unit^^* has a very flat, shallow, trans-

lucent bowl and an inverted conical shaped reflector. The out-

side of this reflector is illuminated by light reflected from the

bowl, while light is reflected from the interior of the cone to the

ceiling which is also lighted by direct rays from the lamp. A
variation^^^ in this type has its reflector part made in three pieces.

The top reflector and a bottom reflector are of opal diffusing

glass, while the third part is a clear glass directing unit which is

enclosed in the other two. A development of the two-piece into

the one-piece reflector globe is found^*^ in several units. One
of these is equipped with an adjustable socket which permits of

the use of lamps of different wattages from lOO to 400, without

the use of tools or the dismantling of the unit. It also has a

spring grip holder for the glassware.

A still further development^^'^ involving a saving in glassware

is effected in a lamp of the ordinary gas-filled tungsten type, but

having the lamp bulb itself made in the shape of a reflector.

Plain white glass is used with ornamental markings of a color

and style to harmonize with the room decorations.

A new unit^^^ of the intermediate type uses a depolished

enamel-coated steel reflector having a central opening. An in-

verted bell-shaped glass diffusing bowl is used and topped with

another glass shade which transmits and diffuses light sent up-

ward to the ceiling. Another unit^^^ of this type has the metal

spun over the glass, forming effectively one piece. An opening in

8» Elee. Record, Jan., 1918, p. 33.

8< Ibid., June, 1918, p. 33.

**5 Ibid., May, 1918, p. 36.

86 Ibid., July, 1918, p. 32.

87 Elec. Wld., April 20, 1918, p. 854.

88 Ibid., March 23, 1918, p. 647.

89 Elec. Merck., July, 1918, p. 44.
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the bottom fits the large part of the lamp bulb, and with the

latter frosted, a non-glaring unit is provided. A flat metal re-

flector is placed on the inside of the upper portion of the fixture.

A modification^^^ of this type uses an upper reflector of white

satin-finished porcelain and claims additional improvement in its

simplicity and small number of parts, the supports as well as the

sockets being concealed inside the reflector. The bowl is made
either of white translucent or of daylight glass.

In the list of metal reflectors reference may be made to one

in which^^^ a porcelain enameled reflecting band is suspended

from the upper reflector in such a way as to intercept all light

within the angles of 45° and 85°. This light is reflected to the

upper reflector of the same material and redirected downward to

the working plane. Both parts are supported directly from the

socket, but do not touch the lamp. Another fixture of this class^^^

uses a double cone-shaped lower part made up of a concentrating

direct-lighting reflector below and above a reflector sending its

light to the diffusing upper part of the tmit. This fixture is of

spun steel finished in white enamel. Special metal reflectors for

use in illuminating billboards, wall signs and advertising display

surfaces have been worked out.^^^ The reflector is so shaped

that it does not require the bending of conduit pipe to get the

proper focus. A locking arrangement is also furnished.

Reflectors provided with suitable absorbing plates to be used

with both gas and incandescent lamps, to provide light of a

character suitable for color matching in stores, factories, etc.,

have been available^ ^* for some years, but new ones are still

appearing.

Just as more attention has been paid to the proper installation

of lighting for protective purposes, so the design of flood-lighting

projectors has been made the subject of special study and they

are now being designed on the basis of what they are to accom-

plish rather than on the principle of a searchlight. The former

flat parabolic reflector is being replaced by a compound reflector

and in some cases by two interchangeable reflectors.

190 Elec. JVId., April 6, 1918, p. 750.

191 Sci. Amer., Dec. 15, 1917, p. 451.

192 Elec. Rec, Jan., 1918, p. 33.

193 Elec. Rec, June, 1918, p. 30.

194 Ibid., May, 1918, p. 37.
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Street Lighting.—A new street lighting fixture^^^ for use with

gas-filled tungsten lamps contains in addition to the usual sup-

porting and connecting devices, a dome refractor of prismatic

glass which collects light emitted upwards and redistributes it

sideways and out into the street at an angle of io° below the

horizontal. This refractor is a development of one reported

some time ago and consists of two clear glass bands one of which

fits snugly inside the other. The inner part is girdled on its outer

surface by horizontal prisms and the outer part has vertical

diffusing prisms on its inner surface. The two prismatic sur-

faces come close together when the parts are sealed, leaving the

inner and outer surfaces of the complete refractor entirely

smooth, thus facilitating cleaning. A new enclosing globe used

with this fixture is of clear glass stippled on the inside, thus pro-

ducing diffusion and reduction in glare without much loss by

absorption.

Specially designed for residential and park lighting service is a

new ornamental unit which also utilizes the dome-shaped re-

fractor above referred to for collecting and redistributing light

emitted upward. A cone-shaped reflector at the bottom reflects

light otherwise wasted and adds to the efficiency of the unit.

The outer globe is made of stippled glass and consists of eight

panels.

An addition^^^ to street lighting fixtures is one for the high-

current, high-candlepower series incandescent lamps. It is made

of cast iron and is suitable either for an auto transformer or

film cut-out socket. For the convenience of those having to do

with the planning or providing of street lighting, data has been

gathered together^^' showing the characteristics of a lar^e number

of standard type electric units, both incandescent and arc.

Public Buildings.—One of the recent developments in special-

ized lighting is that of the aisles of theaters and moving picture

houses. ^'"'^ Several styles of units have been designed for this

work.

Special seamless and dustless fixtures^^^ have been designed for

195 Elec. Rev. (U. S.), Nov. 3, 1917, p. 784-

Gen. Elec. Rev., June, 1918, p. 430.

!»« Elec. Rev. (U. S.), Jan. 5, 1918, p. 46.

197 Gen. Elec. Rev., Dec, 1917, p. 945.

^^« Elec. tVld., Dec. i, 1917, p. 1081.

19^ Elec. News, Nov. i, 1917' p. 42.

Elec. Rec, Jan., 1918, p. 34.
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use in hospitals. In these fixtures the canopies are screwed

directly on the connecting tubes instead of being held by a collar.

The sockets and shade holders, while equipped to take care of

ventilation, are covered with a cap which fits snugly to the tube

and shuts out dust while permitting of easy cleaning. The glass-

ware used with these fixtures is chosen with particular reference

to protection from glare and ease of cleaning. For the operating

room the pendant unit consists of an upper reflector and lower

bowl made of diffusing glass. The reflector is adjustable up

and down, permitting the use of a concentrating effect when
desired. A fixture designed especially for operating tables con-

sists^"^ of an octagonal reflector 6 ft. (1.8 m.) in diameter, the

various sections of which carry tubular single filament incandes-

cent lamps. It is claimed that the reflected light is confined to the

top of the table.

The requirements of garages in the way of special lighting

have been recognized^^^ in a number of styles of protected hand

lamps and portable adjustable lamp standards which make it

possible to illuminate all parts of the car, no matter where it is

standing on the floor.

Ships.—Since the bulkhead or oyster-fitting holder for incan-

descent lamps was first used on a Cunard liner about the year

1884, little improvement has been made in this class of ship

fitting until recently. The original form was intended for carbon

filament lamps. A redesign has becii worked out^*^^ to adapt this

fitting for tungsten lamps. Apart from its application on board

ship it is claimed that this fitting is well adapted for use in chem-

ical w^orks, mines and in places where it is important to protect

the lamp from injury, mechanical or corrosive.

Glassware.—The idea of using the lamp bulb itself to support

the reflector is utilized in an English invention. ^^^ The reflector

ring is of glass, silvered and provided with three adjustable

copper clips to enable it to be fitted to the bulb. Tests by the

National Physical Laboratory in England showed an increase in

the light emitted in a direction toward the tip of the lamp, from

4 candlepower to 24 candlepower in the case of a 200-volt 40-

200 Elec. Eng., June, 1918, p. 58.

201 Elec. Rec, July, 1918, pp. 33, 68, 69.

202 Elec. Times (lyOnd.), Feb. 7, 1918, p. 100.

*03 Elec. Rev. (I^ond.), Dec. 14, 1917, p. 561.



494 TRANSACTIONS I. E. S. VOI.. XIII, NO. 9, DEC 30, I918

watt lamp. The reflector is slipped on before the bulb is put into

the socket.

For indirect lighting, bowls^^* of semi-vitreous porcelain ware

are now being made by a manufacturer of china ware. A glaze

on the interior makes a very good reflecting surface. A new

prismatic reflector for window lighting^^^ is of the asymmetric

type and has an annular prismatic plate over the front half of

the opening. New'-^^^ and artistic designs in lanterns are

appearing.

An ornamental device to take the place of a service flag utilizes

a flat alabaster globe-^^ about 8 in. (20.3 cm.) in diameter and

lighted from within. It is mounted on an indestructible wood

pulp pedestal with two molded eagies holding it. On one side a

3 by 5 in. (7.6 by 12.7 cm.) service flag is shown on the face of

the bowl while extra stars are furnished to be attached as desired.

A combination light and mirror, to be mounted on the front

fender of an auto, is designed"^^ to save the use of two headlights

and a rear light at night, and to provide a mirroscope for use by

day. The lamp is cut in or out of circuit as the mirror is lowered

or raised.

Additional data have been obtained^^^ on the deleterious effect

of dust on lamp globes. The test was made in the grinding room

of a large factory, the air in the room being moist and laden with

steel dust. In order to secure average working conditions in a

plant the lamps were cleaned one week after installation, but no

other cleaning was done until all the lamps were taken down.

With a week's accumulation of dirt the group of lamps showed

an absorption ranging from 13.3 to 19.8 per cent, with an average

of 16.3 per cent. At the end of three weeks the range was from

21.9 to 26.2 per cent, with an average of 19 per cent. Or at the

end of a week over 16 per cent, more wattage was required to

give the initial illumination and at the end of three weeks more
than 22 per cent., thus indicating the economy to be derived in

this particular case from frequent cleaning.

Accessories.—A synthetic metal the base of which is steel is

204 E/ec. Rec, Feb., 1918, p. 33.

200 Central Station^ Sept., 1917, p. 66.

206 Elec. Rec, July, 1918, p. 32.

207 Ibid., Oct., 1917, p. 31.

^08 Ibid., July, 1918, p. 32.

20* Ibid., Oct., 1917, p. 99.
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now being used for lighting fixtures.^^^^ It is claimed that prop-

erly lacquered, such fixtures will not rust and are not subject to

dents and injuries in transportation and erection. Efforts are

being made to get away from the use of a screw and collar to hold

caponies to their supporting tubes. By extending the canopy of

a steel reflector^" arrangements are provided for locking the

lamp so that it can only be removed by the use of a key. Loosen-

ing a nut at the top permits the whole reflector to be raised so

that the tipper part of the socket containing the locking device

is exposed. Numerous connecting devices have been worked
out^^^ for holding the parts of a two-piece unit together, and also

for making up two-piece units from ordinary direct lighting

reflectors.

In a great many factories and shops localized lighting is a

necessity. For this purpose adjustable fixtures have been de-

vised-^"^ the main feature of which is a friction disk. The maxi-

mum friction resistance is obtained by having the point of con-

tact at the extreme outer edge of the disk, the centers being hol-

lowed out and under tension. It is claimed that by the use of

this arrangement a lamp may be easily adjusted to any position

and will not be readily displaced.

Intended for use in chemical and dye works, factories and any

place where the holder might be exposed to extreme dampness

or to corrosive vapors, an acid and water-proof lamp holder has

been designed. ^^* The protective system consists of a vitreous

porcelain shall with an acid-proof rubber shield that presses

against the lamp thus hermetically closing off the lamp cap and

holder from harmful attacks. Improvements^^^ in sockets for

incandescent electric lamps are found in a white porcelain type

for use with a white enameled bracket, and in a socket cover

which is shaped so that its lines blend with the line of the shade.

The toggle switch has for a number of years been the favorite

in England for use where snap switches are employed in this

country. The advantages of simple operation and direct indica-

210 Elec. Rec, Jan., 1918, p. 35.

2" Elec. Rev. (U. S.), Jan. 5, 1918, p. 43.

*i2 Elec. Rec, April, 1918, pp. 54, 55.

2" Ibid., Jan., 1918, p. 42.

2" Elec. Times, Nov. 22, 191 7, p. 371.

2^5 Elec. Merch., July, 1918, p. 52.
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tion of being open or closed has led to its introduction^^^ here.

Manipulation of this type of switch consists merely in the throw

of a lever or toggle. In the up position the circuit is made, in

the down position the circuit is open. A new time switch^^^ for

turning on or off the lights in electric signs, illuminated bill boards

or other unattended lights that should burn for a specified time

utilizes a weight descending by gravity. Twenty-four hours are

consumed in the descent and contacts made at any desired point

or points.

A new lamp-renewing device is arranged^^^ for the removal or

insertion of either multiple or series lamps which would other-

wise require the use of a scaffolding or ladder. A jointed section

pole is used and a three-jaw clutch operated by a cord.

PHOTOMETRY.

Instruments.—A new spectro-photometer^^® is distinguished by

the application of a differential double slit, which is used to alter

the relative intensities of the two sources of light to be compared.

The use of the globe photometer^^*^ for measuring the candle-

power of gas-filled tungsten lamps has become standard practice

in this country and its use in Germany is indicated in the descrip-

tion of an equipment in which the photometric device, while

apparently containing no new principle, has been designed es-

pecially for this purpose. In a new stellar photometer,^^^ light

from an artificial source is reflected from a small silvered portion

of a glass plate inserted at 45° in the path of the rays from an

object glass to the eyepiece. The focus is adjusted so as to give

an out-of-focus image in the center of which will be seen the

illuminated silver disc. Adjustments are then made so that the

artificial light is just invisible on the starlight. Difficulties owing

to differences of color of starlight and the artificial comparison

are remedied by interposing colored screens.

Further work on the photo-electric cell^^^ in order to determine

its possibilities in connection with photometry has shown that the
21* Set. Atner., March 30, 1918, p. 271.

217 Ibid., Feb. 2, 1918, p. no.
"8 Elec. IVld., June 15, 1918, p. 1295.

219 Asirophys.Jour., Dec, 1917, p. 305.

^^ Elek. Zeit., April 5, 1917, p. 188.

"» Compte Rendiis, Feb. 18, 1918, p. 284.

222 Astrophys. Jour. Nov.. 1917, p. 241.
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wavelength sensibility curve varies with time and hence the prac-

tical fabrication of cells screened to imitate the human eye is

not as yet feasible.

Accessories.—An outgrowth of the use of ruled gratings"^*^

for making neutral tint screens such as those used in photometry

is to be seen in a new arrangement made by using small glass bars

between which is laid a very thin sheet of some black opaque

material. The maximum transmission is high and limited only

by that of the optical glass used and the thickness of the inter-

posed opaque material. The idea may also be used for a variable

tint screen by using some transparent medium which can be

colored in place of the opaque material. Altering the angle be-

tween the screen and incident beam of light, alters the amount

of light traversing the opaque material in the first case or the

colored medium in the second place. In the Progress Report

for 1916 (page 749) reference was made to a luminosity curve

solution to be used in conjunction with a thermopile to form a

physical photometer. To conform with subsequent photometric

measurements on color, the formula for the earlier solution has

been changed. It is stated^^^ that the transmission of the new

solution is probably very accurately represented by Kingsbury's

formula for the visibility curve of the eye. Similar work has

been carried on abroad. ^^^ With the filter there worked out, and

using a thermopile, the light efficiencies of various sources were

compared. In the case of a black body at 1,395° K., the result

obtained experimentally agreed with that obtained by calculation

(0.0044 P6^" cent.). The following table gives the efficiencies

found for other sources.
Photometric
efficiency lyight

Watts per mhc. efficiency

Source (Hefner) (Percent.)

Carbon filament 27.07 0.049

4-12 0.33

2.27 0.61

Tungsten filament 1.96 0.85

0.81 2.10

Nernst 401 0.32

1.88 0.80

Mercury arc 1.78 2.0

0.28 6.5

Arc lamp (9)

228/owr. Frank. Inst., Feb., 1918, p. 279.

^^Jour. Frank. Inst., July, 1918, p. 121.

225 Ann. d. Physik., March 11, 1918, p. 357.
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Standards.—The use of acetylene for a standard in photometric

photography has again been advocated. ^^® A French experi-

menter has repeated the work of Fouche described in 1905 and

concludes that utilizing the entire flame for a single jet burner,

of which the dimensions are defined, and pure acetylene gas, the

intensity is a linear function of the consumption to within i per

cent, all other things being equal. Data were obtained on the

effect of pressure, humidity, types of burners and impurities.

Using acetylene in cylinders dissolved in acetone and under

pressure, it was found that the effect of the acetone could be

neutralized by bubbling the gas through a layer of bisulphite of

soda more than 5 cm. thick. The presence of the latter carried

over into the flame did not appear to have any effect.

Additional experiments^^^ on the candlepower of the black

body at the temperature of the melting point of platinum and using

a platinum wedge method confirmed the previously obtained

value of 58.4 candles per square centimeter as the brightness at

this temperature, 2,037° K. It will be remembered that the candle-

pov/er of a black body at the temperature of the melting point of

platinum has been proposed as a standard in photometry.

The Japanese have followed the example of England in adopt-

jj^g^228 g^g ^i^Q yj^j^ q£ light, one-tenth of the luminous intensity of

the 10 cp. Pentane lamp. As the result of 162 observations on

the humidity correction factor, made at the Electrotechnical

Laboratory, Department of Communications, Tokyo, a value

0.00638 was found which agrees with the English value more

closely than with that of the U. S. Bureau of Standards. It is

suggested that the difference may be due to the hood and ventila-

ting duct used with the lamp when this factor was determined

at the Bureau of Standards.

Computations.—It has been proposed-^^ to use a Fourier series

for the determination of the polar curve of a light-source, radi-

ating symetrically about its axis. The intensity would be

measured in, say, five different directions, vis., at 0°, 30°, 45°,

60° and 90° from the horizontal, and from these values the first

*^^Jour. of Acet. Lgt., Feb., 1918, p. 268.

^^ Jour. Frank. Inst., July, 1918, p. 122.

^^ Set. Abs. A., March 3), 1918, p. 106.

Elec, April 12, 1918, p. 846.

2W Elekirot. u. Masch., Feb. 17, 1918, p. 77.
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five coefficients of the Fourier series could be calculated and

hence the scp., Icp., or ucp. deduced. A theoretical method has

been worked out^^*' for determining the distribution of illumina-

tion produced at a great distance by optical systems of the Fresnel

type such as those used in lighthouses.

The use of the photometer-^^ has been extended to the motion

picture industry. In the most up-to-date laboratories, each lamp

used in printing from the negative to the positive is photometered

daily to insure a standard and uniform intensity.

PHOTOGRAPHY.

Motion Pictures.—The use of an image measuring ^ by i in.

(19 by 26 mm.) has been standard practice in the motion picture

industry for the past ten years. ^^^ To overcome some of the

inherent limitations involved in the use of such a restricted field

of operation a new form of film which moves horizontally instead

of vertically has been devised and special cameras for its use and

projection have been worked out. The new image is i by i^ in.

(26 by 38 mm.), and all the advantages of standard films such

as tensile strength and the value of standardization in laboratory

work, shipping and handling, are retained. The stage director is

enabled to use a larger setting and with an area twice that of the

ordinary image more scenery may be covered without reducing

the size of the characters. Improvements have also been made^^^

in the ordinary type of projection machine for motion pictures,

the most striking feature being the lateral projection and a con-

struction such that with a duplex instrument six reels can be taken

care of at a single loading, one machine controlling the starting

and stopping of the other.

In order to enable the Government-^* to study more intelligently

some of the phases of shell action, work is being done on a special

triplex camera which will take pictures at the rate of 500 per

second. The apparatus is a combination of three picture-taking

movements each of which photographs at the rate of 160 per

second.

230 Annales de Physique, July-Aug., 1917, p. 51.

*3i Sci. Amer., Dec. 8, 1917, p. 441.

232 /did., Jan. 26, 1918, p. 85.

233 /bid., March 23, 1918, p. 259.

234 Moving Picture JVld., Dec. 22, 1917, p. 1781.
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Color Photography.—A new method of color photography has

been described. ^^^ The difficulty of getting colored lines in suffi-

ciently close juxtaposition has been overcome. A thin celluloid

film is passed between two warmed rollers bearing fine grooves

on their surfaces, similar fine grooves being thus found on the

celluloid. The film is then coated with the coloring materials,

two adjacent lines of different color being formed and these may
be as fine as 0.03 mm. The other side of the film may be simi-

larly treated with two other colors.

PHYSICS.

Light Sources.—Another analysis has been made^^^ of the effi-

ciency of light production in the case of the firefly, taking into

account such factors as the efficiency of food intake and its

transformation into energy and the efficiency of the utilization of

this energy. A simple apparatus has been worked out for sepa-

rating the invisible ultra-violet radiation from that in the visible

part of the spectrum using the method suggested by Wood.^^^

The apparatus is useful for determining the exact fluorescent

colors of various compounds. The efficiency of various light

sources is referred to under the heading ''Photometry."

Materials.—Study has been made of the color, covering power

and effectiveness of pigments. ^^^ Effectiveness concerns the pre-

dominance of a pigment and is measured by the number of grams

of white pigment with which one gram of the color in question

must be mixed to make the color vanish. Prussian blue was

found to have an effectiveness of 10,000, permanent green only

100. The grain size influences the three variables strongly.

The thermal expansion of tungsten has been studied^^*^ over

a range of temperatures from 300° to 2,700° K. (Centigrade -j-

273°), the values varying from 4.44 X io~*^ per degree to 7.26 X
io~^ per degree. It is pointed out that with the possible excep-

tion of molybdenum, tungsten has the lowest known coefficient

of expansion of any metallic element for a given temperature

range. Tests have also been made^**^ on the value and variation
2W Elec, Jan. 4, 1918, p. 528.

^'^Jour. Frank. Inst., June, 1918, p. 775.
23^ Gen. Elec. Rev., Oct., 1917 p. 817.

'^s Sci. Amer. Supp., Feb. 2, 1918, p. 71.

2^^ Phys. Rev., Dec, 1917, p. 638.

*w Phys. Rev., April, 1918, p. 311.
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with temperature of Young's modulus for a drawn tungsten wire.

At 20° C. 35.5 X 10^^ dynes per cm.^ was found, the modulus
decreasing uniformly with increase of temperature up to 1,000°

at which temperature it was 32.3 X 10^^.

Experiments on the action of light on selenium^*^ seem to show
that the interior of the material is affected as well as the surface

and hence the thickness of the selenium film in a cell is an influ-

ential factor in the effect of the light, a question which has been

in dispute for some years. Data have been published^*^ on the

ultra-violet transmission of clear and cobalt blue glasses and^*^

on the transmission of white light by clear water. Confirmation

of the assumption-''* that the absorption by the earth's atmos-

phere of the ultra-violet radiation from the sun is due to ozone

in the upper layers, is indicated by some work on this subject.

Constants.—Results of work on the optical constants and radia-

tion laws of carbon^*^ have indicated that the constant /x in the

radiation law E = /^ T* where E is the total radiation and T the

absolute temperature, is a function of the temperature. For ordi-

nary carbon the value of fx was found to vary from 4,02 X io~^

at 1,000° K. to 4.67 X io~^ at 4,500° K. For graphite the cor-

responding values of /a were 2.72 X iO"~^ and 3.45 X io~"^. A
new determination of the constant o-^'^ in the Stefan-Boltzman

law using a modified Amerio receiver gave 5.60, or corrected for

reflection 5.61, while further work on Cg in the Wien radiation

law has given a value^*^ of 14,400.

As a result of efforts to determine the emissive power of tungs-

ten^*^ at high temperatures using black body radiation from a

hollow tungsten filament, a relation has been found between the

true temperature of tungsten and the black body brightness tem-

perature. From these data and assuming the melting points of

gold as 1,336° K. and palladium at 1,828° K., a temperature scale

running from 1,700° K. to 2,350° K. has been proposed. In this

work C2 was taken as 14,350.

2« Elec, Nov. 2, 191 7, p. 146.

^^Jour. Frank. Inst., July, 1918, p. in.
2<8 Gen. Elec. Rev., Aug., 1918, p. 577.

*** Nature, Oct. 25, 1917, p. 144.

2« Ann. d. Phys., Feb. 8, 1918, p. 65.

^^ Set. Abstr. A., March 31, 1918, p. 120.

»*7 Phys. Rev., Nov., 1917, p. 515.

a*« Gen. Elec. Rev., Oct., 1917, p. 819.
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A modification of the diffusion mercury-vapor vacuum pump^*®

consists essentially of two pumps of the Langmuir type. The

apparatus only requires support from a water jet pump and is

said to exhaust a volume of 1,500 cc. to less than io~* mm. in

about 10 minutes.

LEGISLATION.

Factories.—The Committee on Labor of the Advisory Com-
mission, Council of National Defense, has appointed^^^ a sub-

committee on lighting to prepare a code of lighting for mills and

workshops. The following points are to be kept in mind: (a)

the conservation of the eyesight of employees, (b) safety, (c)

increased labor efficiency, and (d) larger output and decrease in

spoilage. A revision of the factory lighting code has been under

way in Wisconsin^^^ since last fall and the Pennsylvania Indus-

trial Lighting Code was revised in February.^^^ It is now issued

in Vol. I, No. 16, of the Safety Standards of the Industrial Board

of that state. Similar revision was made in the New Jersey

code in January. The proposed new code for Ohio referred to

in last year's report has been prepared^^^ as provided under the

direction of the Ohio Industrial Commission and is being dis-

cussed at public hearings and undergoing revision. Based largely

upon the code prepared by this Society, a number of novel feat-

ures have been introduced. ^^*

Appreciating the necessity of some knowledge of illuminating

engineering for the proper enforcement of the state codes of

factory lighting, the Commissioners of Labor of the states of

Pennsylvania and New Jersey arranged^^^ with the University

of Pennsylvania for a course of instruction for all inspectors.

This was provided in a series of lectures covering a two-day

period, some 100 inspectors being present. Attention should be

called to the School Lighting Code^^® prepared by this Society,

which after a consideration of many criticisms received, has

been thoroughly revised.

^*^Jour. Amer. Chem. Soc, Oct., 1917, p. 2183.

250 Elec. Wld., Jan. 5, 1918, p. 19.

261 Elec. IVld., March 23, 1918, p. 607.

262 Trans. I. E. S. (U. S.), June 10, 1918, p. 45.

268 Industrial Management, Feb., 1918, p. 120.

254 Elec. IVld., Feb. 2, 1918, p. 269.

2-'5 Elec. IVld., July 6, 1918, p. 11.

266 Elec. News (Canada), March 15, 1918, p. 26.
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Headlamps.—Reference should be made^^^ to the adoption by
the Secretary of State of New York of a specification for the

laboratory test of headlighting devices, formulated by our Com-
mittee on Automobile Headlights in conjunction with represen-

tatives from the Committee on I^ighting Legislation and also the

Society of Automotive Engineers. Because of the pressure upon

railway companies to move war material and for other reasons,

the Interstate Commerce Commission has extended the time for

the equipment of locomotives with new high powered head-

lights. ^^^ New locomotives placed in service after July i, 1918,

and those shopped for general or heavy repairs after that date,

must be so equipped.

Foreign.—The French commission appointed to prepare revi-

sions in the laws of weights and measures, has submitted a

report.^^^ There is included a recommendation that the unit of

light be the bougie-decimal defined as one-twentieth of the inten-

sity of the Violle standard, and that the unit be maintained

through the use of incandescent lamps as is done in this country,

these lamps being deposited with the Conservatorie National des

Arts et Metiers. The lumen is recommended as the unit of flux

and the phot and lux as the units of illumination.

PHYSIOLOGY.

The visibility of radiation in the blue end of the visible spectrum

has been studied^^^ by an optical pyrometer method. Results

were obtained in the region from wave-length 0.41 fi to o.^Ofi.

Using a modification of the Nutting monochromatic colorimeter,

the flicker photometer principle and an acetylene flame as a source,

more data on the same function but on the central part of the

spectrum have been published.^^^ Thirteen observers were em-

ployed and the maximum of visibility was found at 0.553/*. An
entirely different procedure was followed^^^ in another determina-

tion in which the direct comparison principle and a step by step

method were used, a tungsten lamp forming the source and the

energy being evaluated by determining the color temperature of

267 Trans. I. E- S. (U. S.), July 20, 1918, p. 56.

258 Rlway Elec. Eng., Jan., 1918, p. i.

^^ Ann. de Phys., July-Aug., 1917, p. 12.

260 Astpophys.Jour., March, 1918, p. 83.

"^^^ Jour. Frank. Inst., May, 1918, p. 71.

2«2 Ibid., June, 1918, p. 829.
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the source and computing the distribution by Planck's equation,

allowing for dispersion, absorption by the optical system, and

for scattered light. Twenty-nine observers participated. Com-

bining these data with that just referred to covering the blue end

of the spectrum and some data on the red end previously pub-

lished,^*^ a complete visibility curve between wave-lengths 0.40M

and 0.76/^ has been presented, with a maximum sensibility at ap-

proximately wave-length 0.556/^. Several experimenters have

shown that the visibility curve of the eye (relative visibility plot-

ted against wave-length) if corrected for the selective absorption

of the ocular media, is very nearly symmetrical. It has been

recently pointed out^^* that the relation between frequency and

corrected visibility gives an almost perfect symmetrical figure

using the visibility data of Coblentz and Emerson.

Further work on the minimum radiation visually perceptible

has yielded a value in one case^^^ 3.9 X io~^ ergs per second, in

another^^^ 1.25 X io~^ as the quantity of light received by the eye

at the limit of visibility. It has been found^®'' that the size of

stimulus and exposure-time are factors in this problem and a

study has been made of their effect. Three different kinds of

retinal sensibility, threshold, contrast and glare, have been de-

fined and made the subject of an investigation.^^^ Threshold

sensibility for white light plotted logarithmically, gave practically

a straight line. The experiments covered a range from lO""^ to

10^ millilamberts. In regard to glare, curves were obtained show-

ing the course of dark adaptation with white light and with differ-

ent colors. The relation between the logarithm of the least

brightness that appears approximately glaring and the logarithm

of field brightness was found to be linear. The pupillary aperture

changed in diameter from 2 to 7.4 mm. with a field brightness

varying from o to 2,000 millilamberts. The flux density on the

retina was calculated as 7.0 X lO"^^ for a field brightness of

o.ooooi millilambert and i.i X lO"* for 2,000 millilamberts.

There were also included measurements of the rate of dark

adaption with different initial sensitizing brightnesses and the
2«« Astrophys.Jour., Nov., 1918, p. 285.

**^ Phys. /?<r7'., June, 1918, p. 498.

2«5 Astrophys.Jour., Sept., 1917, p. 167.

2*« Aslrophys. Jour., Kov., 1917, p. 296.

2«7 Ibid., April, 1918, p. 141.

26» Phys. Rev., Feb., 1918, p. 81.
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work on the pupillary aperture was carried out both for binocular

and monocular vision.

The lagging of different color-impressions received by the eye

with respect to each other has been called "Visual dift'usivity."

Experiments on this subject have led to results^®^ of interest from

the standpoint of the three-color theories of vision . A mixed

yellow has been decomposed into its red and green components

by a rapid oscillatory movement of the color. It was found that

monochromatic color could not be thus decomposed. A prelimi-

nary study has been made^^^ of the power of the eye to sustain

clear and comfortable seeing with light from various illuminants

ranging from a kerosene flame to the blue-bulb tungsten lamp.

The Forest Service in co-operation with the Department of

Psychology of the University of Wisconsin, has made a study^'^^

of the effect of color of paper and the glare upon eye-fatigue.

The results indicate no difference in the latter produced by read-

ing from newsprint paper manufactured from tamarack as com-

pared with that from spruce. The tamarack produces a darker

colored paper.

The use of a thermo-couple placed at the focus of a lens or

parabolic reflector^^^ as a possible method for providing blind

people with means for detecting the presence of light such as that

from a window, a lamp or the sun is suggested. A special type

of telephone receiver would be used in conjunction with the

apparatus. The results of a three months' test to determine the

relative hygienic effects of gas and electric lighting indicated no

difference^^^ from the standpoint of condition of the body, per-

centage of CO2 in the air, and rise in room temperature at the

breathing level.

The ophthalmic surgeons of Great Britain and Ireland have

decided to set up a standing advisory counciP^* on all matters

relating to eyesight. The acting and past presidents of the Oph-

thalmology Society and of the section of ophthalmology of the

Royal Society of Medicine will be permanent members.

269 Phil. Mag., May, 1918, p. 413.

2'0 Amer.Jour. of Ophthal., April, 1918. p. 252.

2" Rlway Elec. Eng., Jan., 1918, p. 8.

272 Elec, Rev. (L,ond.), Feb. 22, 1918, p. 184.

27» Gas Age, Feb. i, 1918, p. 133.

'74 Elec, May 10, 1918, p. 22.
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ILLUMINATING ENGINEERING IN GENERAL.

The difficulties encountered in advancing the cause of illumi-

nating engineering are emphasized in an address^^^ before the

London Society in which reference was made to the efforts put

forth to get the government to utilize the resources of the Society.

It will be remembered that our own Society has been given an

opportunity to co-operate with the Council of National Defense

through representation on the National Committee on Lighting.

Daylight Saving.—The daylight saving bill was signed by the

President, March 19th. ^^^ It provided for setting all clocks for-

ward an hour on the last Sunday in March and turning them

back again the last Sunday in October. Thus the United States

identifies itself in this regard with the twelve European countries

which have already tried out the plan and have found it successful.

In view of the final result it is interesting to note^^'' that at a

meeting of the American Astronomical Society last August an

informal expression of opinion showed 22 against it, 18 for it,

and 6 neutral. On the other hand the general medical board of

the Council of National Defense^^® at its regular January meeting

passed a resolution introducing the plan of daylight saving and

agreeing to lend its influence in securing the passage of the law.

Efforts were made^'^^ while the bill was under consideration to

have the plan extended throughout the year in order to create

a greater diversity between the daily power and lighting loads of

central stations. The Executive Committee on Daylight Saving^®*^

of the United States Chamber of Commerce was unanimous in

its agreement that daylight saving ought to be a permanent

measure to operate through the entire year.

An analysis of data from Public Utilities in the middle west

for the month of April indicated^^^ an average reduction in out-

put in kw-hrs. due to the daylight saving of about 5 per cent. In

general the reports which have been published^®^ showing the

effect of daylight saving on the load curves of other central

'76 Elec, Jan. 25. 1918, p. 598.

878 Cleveland Plain Dealer, March 20, 1918, p. i.

277 Science, Nov. 9, 1917, p. 467.

878 Ibid., Jan. 25, 1918, p. 87.

279 Elec. Rev. (U. S.), Jan. 19, 1918, p. 116 ; Feb. 9, p. 236, and April 6, p. 733.^ Elec. IVld., April 20, 1918, p. 838.

2*1 Elec. IVId., May 11, 1918, p. 972.

M3 Ibid., July 6, 1918, p. i8.
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stations in this country note an improvement. In Canada/**^

after two months operation, a survey revealed httle if any change

either in the revenue or operating conditions. So popular has

the daylight saving scheme proved in England^^* that upon urgent

request, the date for starting was advanced so as to give five

weeks more of the extended daylight period. A committee has

been appointed to make plans^*^® for the adoption of the daylight

saving scheme in Hawaii. It is said that sugar planters in some

districts have practiced this for some years, the advance in time

ranging on various estates from 15 minutes to an hour.

Light Sources.—From experiments^*® in crossing the two sub-

stances which are responsible for light production in fireflies, it

has been deduced that the oxidizable substance and hence the

source of light, is what is called photogenin by one experimenter,

or luciferose as it is called by another experimenter. How the

other substance, photophelein, acts to aid in producing the light

is still hypothetical but it is suggested that it may cause a dis-

persion of colloidal particles of the photogenin and thereby in-

crease the surface and permit auto-oxidation. Reference to the

efficiency of light production by the firefly will be found under

the heading "Physics."

Two trees,^*^^ the wood of which has the property of giving to

water a marked fluorescence, have been rediscovered. One is

fotmd in Mexico, the other in the Philippines.

A large number of inorganic and organic substances have been

examined^** or triboluminescence or the luminosity shown when

crystals are crushed in the dark. The minimum size of particle

which will show this phenomenon is o.ooi mm. for zinc sulphide,

0.06 for quartz and uranium nitrate, 0.14 for sugar, 0.7 for white

fluorspar. Very fine powders do not show it. It becomes more

distinct as a rule when the substance is cooled down (to say,

—

80° C.) and the color changes.

A very novel method of producing the so-called "Artificial

Daylight" has been suggested^*^ and tested by an experimenter
283 Elec. News, July 15, 1918, p. 24.

284 GasJour., Feb. 26, 1918, p. 388.

285 Set. Amer., Nov. 3, 1917, p. 325.

^^ Science, Sept. 7, 1917, p 241.

287 Pop. Science Monthly, April, 1918, p. 576.

288 Phys. Zeit., Feb. 15, 1918, p. 78.

280 Phys. Rev., June, 1918, p. 502-
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who uses an artificial source such as an acetylene flame or a

vacuum or gas-filled tungsten lamp, and passes the light through

two nicol prisms with a crystalline quartz plate between them.

The path of the light is made parallel to the optical axis of the

quartz, and the thickness of the latter as well as the angle between

the principal planes of the nicols must be properly chosen. An
extension of the use of radium compounds^^*^ to illuminate key

holes, clock dials, etc., is found in a set of flat radium-treated

discs to be attached to the dials of clocks at the five minute points.

A pair of hands similarly treated makes it possible to tell easily

the time in the dark.

Applications.—For night flying, navigation lights on the

machines themselves have been found indispensable. ^^^ In the

British machines used to defend I^ondon against air raids, they

are placed on the edge of the lower plane and are under the control

of the pilot. They serve as a guide in squadron formation. In

some cases variegated colored Hghts are used for signalling

between the units of invading squadrons. For landing the British

home pilots make use of a flare which is used to illuminate the

ground below.

There has been no generally recognized ''Scale of Seeing"

applicable for daylight use by astronomers. In connection with

observations on the sun, the desirability of such a standard scale

has been apparent,^^^ and work on it has been begun.

Of the many uses of artificial light one of the most unique^**

is in connection with the stimulation of plant growth. Recent

experiments along this line showed that with a very intense il-

lumination, 700 lumens per square foot (0.75 phot), approaching

the magnitude of sunlight illumination, the rapidity of the growth

and development of the plants experimented with was approxi-

mately double. The experiments suggest the possibility of using

the idea commercially for the development of flowers such as

JEaster lilies which are required at a certain time.

The use of electric or other lights as an aid to fish catching^**

is old, but a western hatchery has used them for aids in feeding.

*»o Pop. Science Monthly, Feb., 1918, p. 221.

291 Sci. Anier., Feb. 23, 1918, p. 163.

^3 Sci. Amer. Sup., July 6, 1918, p. 9.

293 Qen. Elec. Rev., March, 1918, p. 232.

^^Elec. Rev. (l,ond.), May 3, 1918, p. 424.
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The lights attract bugs and many fall into the water where they

are eaten by the fish.

Efforts are still being made^^^ to correlate color and music. A
recital of modern music was given recently in a New York theatre

where the lights were part of an experiment in "projection of a

melodic, harmonic, rhythmic or mood conception in tone" with

the help of ''relative atmospheric setting."

Societies.—An illuminating engineering society has been formed

in Japan^^^ and the first two numbers of the transactions of the

society have been issued. Among the subjects discussed have

been the Life of Incandescent Lamps, Indirect Lighting, The
Spherical Photometer, etc. It is a pleasure to record the fact

that this society, together with the Japanese Electric Society,

showed its spirit of hospitality and co-operation, its respect, con-

fidence and friendliness toward this country by the entertainment

last fall of the president of the A. I. E. E., and other American

business men. The British I. E. S. has two committees working

on experiments-^^ on flares and parachute lights and on luminous

gunsights for a Government Department

The French Committee of the International Commission on

Illumination had a meeting^^^ on November loth at which routine

matters were disposed of. At a subsequent meeting of the Com-
mittee,^®^ held in Paris on April i8th, there was a discussion of

the propositions sent by this Society regarding photometric

quantities and units and their application in the industries. It

was decided to reserve decision until the publication of the trans-

lation of the information in French and a note by M. Blondel in

reference to it. It was reported that French lamp manufacturers

are disposed to adopt the lumen, if convenient and practical

apparatus for the measurement of luminous flux, notably inte-

grating spheres, can be procured.

While information from Germany is very meagre it appears

that the German Illuminating Engineering Society is still holding

meetings.^^** The fourth annual meeting of the Society was held

September 15, 1917. Papers were presented by Dr. Bloch on
295 jv. E. L. A. Bui., Dec. 1917, p, 898.

296 ni.Eng. (I,ond.), April, 1918, p. ioi,

297 Elec. Rev. (I^ond.), June 7. 1918. p. 543.

298 Rev. Gen. d'Elec, Nov. 17, 1917, p. 761.

299 Ibid., May 11. 1918, p. 674.

300 ///. Eng. (I,ond.), Sept., 1917, p. 240.
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"Uniform Evaluation or Marking of Sources of Light," and by

Dr. Halbertsma on "Diffusion of Light as a Means of Reducing

the Brightness of Artificial Illuminants." The eleventh formal

meeting^^^ was called for January i, 1918. The program com-

prised reports and a discussion on the effect of the coal restric-

tions on lighting. A conference was arranged^^^ between the

German Society and the Berlin Architects Association in order

to take up practical lighting problems. A joint committee was

appointed to consider such questions as the drawbacks of in-

sufficient illumination, the effects of glare, the waste of light

through the use of unsuitable decorative devices or inefficient fix-

tures, the intensity of illumination required for various classes of

work, the planning of buildings with a view to the provision of

sufficient natural illumination during working hours, etc. The
value proposed by Cohn in 1885, 25 meter-Hefners (approxi-

mately 2 foot-candles) as a satisfactory illumination for reading

and writing will be reconsidered and a rise to 50 meter-Hefners

may be recommended.

By order of the President of the United States,^^^ the National

Academy of Sciences has been requested to perpetuate the

National Research Council which was formed in 19 16, as a

measure of national preparedness.

LITERATURE.

The following books have been reviewed

:

"Lighthouses and Lightships of the United States," by Geo. R. Putnam.

Houghton, Mifflin Co., New York and Boston, 191 7. 8vo, 321 pp.

"Miniature Electric Light," by B. E. Jones. London, Cassell & Co. 156 pp.

"The Lighting Art," by M. Luckiesh. New York, McGraw-Hill Book Co.,

Inc., 191 7.

DIvSCUSSION.

F. E. Cady : Owing, probably, to the fact that we have made
it a practice of including references to the sources of most of

our information, there has arisen an idea on the part of some

members that this report is merely a review of the literature on

»<'i Gas Jour., Jan. i, 1918, p. 14.

«« ///. Eng. (I,ond.), March, 1918, p. 70.

*^' Science, May 24, 1918, p. 511.
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the subject of illumination. It is quite true that what is published

in the technical and scientific press is made the basis of the report

and this is natural since the very existence of this class of liter-

ature depends upon its ability to present to its readers current

progress. There is published in the Transactions a monthly

statement in which an effort is made to give a list of practically

all articles of interest to the Society. But in the annual report,

only those subjects are referred to, which, in the view of the com-

mittee, indicate either changes in conditions or improvement

—

progress, in the sense of improvement, and not merely progress

in the sense of activity. It is recognized that the value of a

report of this character depends largely on its impartiality and

it is felt that by confining the material as far as feasible to what

has been published, doubt as to bias on the part of the members

of the committee will be reduced to a minimum.

During the past year, we have witnessed a rather curious anti-

thesis, in that the war has caused in one direction an enormously

increased use of light, due to the demands of factories engaged

in all sorts of war work ; in another direction, a very considerable

decrease, due to the restrictions imposed by the Government for

the sake of saving fuel.

A. H. Tayi^or: I would like to comment on one part of

this report. On page 498 attention is called to the fact that

in the Japanese investigations of pentane lamps the water-vapor

correction factor obtained from their experiments agreed more

closely with that obtained at the National Physical Labora-

tory than with the value found at the Bureau of Standards.

At all three laboratories it was assumed that the correction

for temperature was so small as to be negligible. Mr. Critten-

den, of the Bureau of Standards, has obtained from Japan and

England detailed data regarding the temperatures prevailing dur-

ing the experiments, and finds that the three laboratories are

in very close agreement when a temperature correction of ap-

proximately 0.1 per cent, per degree Centigrade is applied to

the observed data.
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REPORT OF THE COMMITTEE ON NOMENCLATURE
AND STANDARDS OF THE ILLUMINATING ENGI-

NEERING SOCIETY FOR THE YEAR 1918.*

In the following paragraphs those which have been altered by

revision during the past year are marked with an "R" and new
paragraphs are marked with an "N."

1. Light.—The term light is used in various ways

:

(i) To express the visual sensation produced normally when

radiant flux {q.v.) within the proper limits of wave-length, of

sufficient intensity and of sufficient duration, impinges on the

retina.

(2) To express the luminous flux (q.v.) which produces the

visual sensation.

(3) By extension, even to express the radiant flux of any

wave-length throughout the entire spectrum (e. g., ultra-violet

light).

2. Radiant flux, </>, is the rate of flow of radiation evaluated

with reference to energy, and is expressed in ergs per second or

in watts.

3. Luminous flux, F, is the rate of flow of radiation evaluated

with reference to visual sensation, and is expressed in lumens.

4. Visibility, Ka, of radiation of a particular wave-length is

the ratio of the luminous flux at that wave-length to the corre-

sponding radiant flux.

Defining equation

:

^ _ Fa
1

5. The Mechanical equivalent of light is the ratio of radiant

flux to luminous flux for the wave-length of maximum visibility,

and is expressed in ergs per second per lumen, or in watts per

lumen. It is the reciprocal of the maximum visibility.^

* A report presented at the twelfth annual convention of the Illuminating Engineer-

ing Society, at New York, on October lo, 1918.

1 A table of recommended values of visibility is given in §70.

2 This term has been used in a variety of senses. As here defined it refers only to the

minimum mechanical equivalent of light. The reciprocal of this quantity is sometimes

called the luminous equivalent of radiation. A recommended numerical value is given

in § 69.
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6. Luminosity of a particular wave-length is the product of the

visibility of that wave-length and the corresponding ordinate of

the spectral curve of radiant flux, and is represented by the ordi-

nate of the spectral curve of luminous flux. This curve is called

the spectral luminosity curve and is different with different

sources.

7. The Luminous efficiency of any source is the ratio of the

luminous flux to the radiant flux from the source and is expressed

in lumens per watt.

8. Luminous intensity, I, of a source of light in a given direc-

tion is the solid angular density of the luminous flux emitted by

the source in the direction considered, when the flux involved

acts as far as computation and measurements are concerned, as

if it came from a point. Or, it is the flux per unit solid angle

from that source in the direction considered. The flux from any

source of dimensions which are negligibly small by comparison

with the distance at which it is observed, may be treated as if it

were emitted from a point.

Defining equation

:

atn

or, if the intensity is uniform,

where w is the solid angle.

9. Illumination, E, of a surface at any point is the luminous

flux density on the surface at that point, or the flux per unit of

intercepting area.

Defining equation

:

or, when uniform,

=-l
where S is the area of the intercepting surface.
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10. Candle is the unit of luminous intensity maintained by the

national laboratories of France, Great Britain and the United

States.^

11. Candlepower, cp., is luminous intensity expressed in candles.

12. Lumen, 1., is the unit of luminous flux equal to the flux

emitted in a unit solid angle (steradian) by a point source of unit

candlepower.*

13. Lux is a unit of illumination equal to one lumen per square

meter. Using the centimeter as the unit of length, the unit of

illumination is one lumen per square centimeter, for which Blon-

del has proposed the name phot. One millilumen per square

centimeter (milliphot) is more useful as a practical unit. One
foot-candle is one lumen per square foot, and is equal to 1.0764

milliphots. The milliphot is recommended for scientific records.

14. Exposure is the product of an illumination by the time.

The microphot-second (0.00000 1 phot-second) is a convenient

unit for a photographic plate exposure.

R 15. Brightness of an element of a luminous surface may be

expressed in either of two ways: (a) in terms of intensity, I, (b)

in terms of flux, F.

(a) Brightness in terms of the luminous intensity I (or candle-

power) per unit of projected area of the surface (candlepower

brightness) corresponds to the defining equation

^ dS cos e

where 6 is the angle between the normal to the surface and the

line of sight.

(b) Brightness in terms of the flux, F, proceeding from a

unit area of the surface, on the assumption that the surface is a

perfect diffuser; i. e., that it obeys the cosine law of emission or

reflection, (lumen brightness) corresponds to the defining equation

(perfect difl'usion assumed).

The units in which brightness is measured according to (a)

and (b) differ only in numerical value. See paragraph 16.

8 This unit, which is used also by many other countries, has frequently been referred
to as the international candle.

• A uniform source of one candlepower emits ^n lumens.
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R 16. Lambert, L, is the unit of brightness in the lumen system.

The lambert is the brightness of a perfectly diffusing surface

emitting or reflecting one lumen per square centimeter. For
most purposes the millilambert, o.ooi lambert, is the preferable

practical unit.

To say that the brightness of a surface as viewed from a given

point is n lamberts, signifies that its brightness is the same as that

of a perfectly diffusing surface emitting or reflecting n lumens

per square centimeter.

In practice no surface obeys exactly the cosine law of emission

or reflection; hence the brightness of a surface generally is not

uniform but varies somewhat with the angle at which it is

viewed.

A perfectly diffusing surface emitting one lumen per square

foot will have a brightness of 1.076 millilamberts.

Brightness expressed in candles per square centimeter may be

reduced to lamberts by multiplying by tt = 3-14.

Brightness expressed in candles per square inch may be re-

duced to lamberts by multiplying by 7r/6.45 = 0.487.

17. duality of luminous flux is that property of luminous flux

determined by its spectral distribution.

18. Color of luminous flux is the subjective evaluation by the

eye of the quality of luminous flux. Any color can be expressed

in terms of its hue and saturation.

19. Hue is that property of color by which the various spectral

regions are characteristically distinguished. All colors except

purples and white may be matched in hue with spectral colors.

In the case of a purple, the spectral hue which is complementary

to the hue of the purple is ordinarily used for scientific desig-

nation.

20. Two hues are complementary if they may be mixed to pro-

duce white.

White may be considered as a color having no hue. By the

mixture of luminous fluxes of two or more hues properly chosen

both as to hue and intensity, a resultant luminous flux may be

obtained which has the color white. Whenever luminous fluxes

of two or more hues are mixed, the resultant luminous flux,
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though it may have some dominant hue, will ordinarily be evalu-

ated subjectively as having an admixture of white.

21. Saturation of a color is its degree of freedom from admix-

ture with white. Monochromatic spectral light may, for pur-

poses of measurement, be considered as having a saturation of

100 per cent. As white light is added, the saturation decreases,

until, when the hue entirely disappears, the saturation is zero.

White therefore is the limiting color having no hue and zero

saturation.

SURFACES AND MEDIA MODIFYING LUMINOUS FLUX.

N 22. Diffusing surfaces and media are those which break up the

incident flux and distribute it more or less in accordance with the

cosine law, as for example, white plaster and opal glass.

N 23. Redirecting surfaces and media are those which change

the direction of the luminous flux in a definite manner; as for

example, a mirror or a lens.

N 24. Scattering surfaces and media are those which redirect the

luminous flux and break it up into a multiplicity of separate

pencils ; as for example, ripple glass, reflecting or transmitting.

25. Reflection factor^ of a body, p, is the ratio of the flux

reflected by the body to the flux incident upon it. The reflection

from a body may be regular, diffuse or mixed. In regular re-

flection the flux is reflected at an angle of reflection equal to the

angle of incidence. In diffuse reflection the flux is reflected in

all directions. In perfectly diffuse reflection, the distribution of

the reflected flux is in accordance with Lambert's cosine law. In

most practical cases, there is a superposition of regular and

diffuse reflection.

26. Regular reflection factor of a body is the ratio of the regu-

larly reflected flux to the incident flux.

27. Diffuse reflection factor of a body is the ratio of the dif-

fusely reflected flux to the incident flux.

28. Absorption factor^ of a body, a, is the ratio of the flux

absorbed by the body to the flux incident upon it.
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29. Transmission factor^ of a body, t, is the ratio of the flux

transmitted by the body to the flux incident upon it.

p -]- a -{- T = I

ILLUMINATION.

N 30. Unidirectional illumination on a surface is that produced

by a single light source of relatively small dimensions. It is

characterized by the fact that a small opaque object placed near

the illuminated surface casts a sharp shadow.

N 31. Multidirectional illumination on a surface is that produced

by several separated light sources of relatively small area. It is

characterized by the fact that a small opaque object placed near

the illuminated surface casts several shadows.

N 32. Diffused illumination is that produced either by primary or

secondary light sources having dimensions relatively large with

respect to the distance from the point illuminated, and scattering

light in all directions. It is characterized by relative lack of

shadow. Diffused illumination may be derived principally from

a single direction as in the light from a skylit window, or from all

directions as in the open air. Perfectly diffused illumination on a

surface is shadowless.

In any practical case of illumination on a surface there is

usually a mixture of the above types.

33. Coefficient of utilization of an illumination installation on

a given plane is the total flux received by that plane divided by

the total flux from the lamps illuminating it. When not other-

wise specified, the plane of reference is assumed to be a hori-

zontal plane 30 inches (76 cm.) from the floor.

34. Variation factor of an illumination installation is the ratio

of either the maximum or minimum illumination on a given plane

to the average illumination on that plane.

35. Variation range of illumination on a given plane is the

ratio of the maximum illumination to the minimum illumination

on that plane.

5 These terms are introduced to replace the more commonly used terms, Coefl5cient of

reflection, Coefl&cient of absorption, Coefficient of transmission, which latter terms refer

to the specific properties of materials rather than to the behavior of bodies under speci-

fied conditions, such as angle of incidence, etc.

7
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36. Hemispherical ratio for a given lighting unit is the ratio

of the luminous flux in the upper hemisphere to that in the lower

hemisphere.

37. Brightness ratio is the ratio of the brightness of any two

surfaces. When the two surfaces are apposed, the brightness

ratio is commonly called the "brightness contrast."

ILLUMINANTS.

38. Lamp—a generic term for an artificial source of light.

The following definition has been agreed to conjointly with

the Lighting Division of the Standards Committee of the Society

of Automotive Engineers:

39. An electric incandescent lamp is a light source consisting

of a glass bulb containing a filament electrically maintained at

incandescence. A lighting unit consisting of an electric incandes-

cent lamp with shade, reflector, enclosing globe, housing, or other

accessories, is also commonly called a **lamp." In such cases in

order to distinguish between the assembled lighting unit and

the incandescent light source within it, the latter is often called

a "bulb," especially in the automobile industry.

40. The output of all illuminants should be expressed in lumens.

41. Illuminants should be rated upon a lumen basis rather than

a candlepower basis.

42. Lamp efficiency is the ratio of the luminous flux output to

the power input.

43. The lamp efficiency or specific output of electric lamps

should be stated in terms of lumens per watt and that of illumi-

nants depending upon combustion should be stated in lumens per

British thermal unit per hour.

44. The power consumption of auxiliary devices which are

necessarily employed in circuit with a lamp should be included in

the input of the lamp. For example, the watts lost in the ballast

resistance of an arc lamp are properly chargeable to the lamp.

45. The specific consumption of an electric lamp is its watt

consumption per lumen. "Watts per candle" is a term used com-

mercially in connection with electric incandescent lamps, and

denotes watts per mean horizontal candle.
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46. Life Tests.—Electric incandescent lamps of a given type

may be assumed to operate under comparable conditions only

when their lumens per watt consumed are the same. Life test

results, in order to be compared, must be either conducted under,

or reduced to, comparable conditions of operation.

47. In comparing different luminous sources, not only should

their candlepower be compared, but also their relative form,

brightness, distribution of illumination and character of light.

48. Lamp Accessories.—A reflector is an appHance the chief use

of which is to redirect the luminous flux of a lamp in a desired

direction or directions.

49. A shade is an appliance the chief use of which is to diminish

or to interrupt the flux of a lamp in certain directions where

such flux is not desirable. The function of a shade is commonly
combined with that of a reflector.

50. A globe is an enclosing appliance of clear or diffusing

material the chief use of which is either to protect the lamp or to

diffuse its Hght.

PHOTOMETRY.

51. Primary luminous standard is a recognized standard lumin-

ous source reproducible from specifications.

52. Representative luminous standard is a standard of luminous

intensity adopted as the authoritative custodian of the accepted

value of the unit.

53. Reference standard is a standard calibrated in terms of the

unit from either a primary or representative standard and used

for the calibration of working standards.

54. Working standard is any standardized luminous source for

daily use in photometry.

55. Comparison lamp is a lamp of constant but not necessarily

known candlepower against which a working standard and test

lamps are successively compared in a photometer.

56. Test lamp, in a photometer, is a lamp to be tested.
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67. Performance curve is a curve representing the behavior of a

lamp in any particular (candlepower, consumption, etc.) at differ-

ent periods during its life.

58. Characteristic curve is a curve expressing a relation between

two variable properties of a luminous source, as candlepower

and volts, candlepower and rate of fuel consumption, etc.

59. Horizontal distribution curve is a polar curve representing

the luminous intensity of a lamp, or lighting unit, in a plane per-

pendicular to the axis of the unit, and with the unit at the origin.

60. Vertical distribution curve is a polar curve representing the

luminous intensity of a lamp, or lighting unit, in a plane passing

througih the axis of the unit and with the unit at the origin.

Unless otherwise specified, a vertical distribution curve is as-

sumed to be an average vertical distribution curve, such as may
in many cases be obtained by rotating the unit about its axis,

and measuring the average intensities at the different elevations.

It is recommended that in vertical distribuiion curves, angles of

elevation shall be counted positively from the nadir as zero, to

the zenith as i8o°. In the case of incandescent lamps, it is

assumed that the vertical distribution curve is taken with the tip

downward.

61. Mean horizontal candlepower of a lamp is the average

candlepower in the horizontal plane passing through the luminous

center of the lamp.

It is here assumed that the lamp (or other light source) is

mounted in the usual manner, or, as in the case of an incan-

descent lamp, with its axis of symmetry vertical.

62. Mean spherical candlepower of a lamp is the average candle-

power of a lamp in all directions in space. It is equal to the

total luminous flux of the lamp in lumens divided by 4^.

63. Mean hemispherical candlepower of a lamp (upper or

lower) is the average candlepower of a lamp in the hemisphere

considered. It is equal to the total luminous flux emitted by the

lamp in that hemisphere divided by 27r.
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1

64. Mean zonal candlepower of a lamp is the average candle-

power of a lamp over the given zone. It is equal to the total

luminous flux emitted by the lamp in that zone divided by the

solid angle of the zone.

65. Spherical reduction factor of a lamp is the ratio of the

mean spherical to the mean horizontal candlepower of the lamp.®

66. Photometric tests in which the results are stated in candle-

power should be made at such a distance from the source of

light that the latter may be regarded as practically a point. Where
tests are made in the measurement of lamps with reflectors, or

other accessories, at distances such that the inverse square law

does not apply, the results should always be given as "apparent

candlepower" at the distance employed, which distance should

always be specifically stated.

67. Photometric Units and Abbreviations.

Symbols and Abbreviation
Photometric defining for name
quantity Name of unit equations of unit

1. Luminous flux Ivumen F.^ 1.

2. Luminous i /> -,, ^ (/F „ d-^

intensity |
handle i=._,r=^ cp.

• .- S Phot, foot- ^ d'B 1
3. Illumination

j candle, lux ^= d^
=

l^
^^^ ^' P^' ^'^•

T? S
Pliot-second

4. lixposure
^ j^-^^.^ ^^^^_ ^^ ^^^ ^^^^^

second

f Apparent candle

I
per sq. cm. , dl

5. Brightness { Apparent candle ^*'
t/S cos 6

I
per sq. in. ^p t «,t

I Lambert d^ = ~~ ^- ^^'
dS

6. Reflection factor — p
—

7. Absorption factor — a —
8. Transmission factor — t —
9. Mean spherical candlepower scp.

10. Mean lower hemispherical candlepower Icp.

11. Mean upper hemispherical candlepower ucp.

12. Mean zonal candlepower zcp.

13. Mean horizontal candlepower mhc.

• In the case of a uniform point-source, this factor would be unity, and for a straight

cylindrical filament obeying the cosine law it would be 77/4.
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14. I lumen is emitted by 0.07958 spherical candlepower.

15. I spherical candlepower emits 12.57 lumens.

16. I lux = I lumen incident per square meter = o.oooi phot := o.i milli-

phot.

17. I phot = I lumen incident per square centimeter = 10,000 lux =: 1,000

milliphots = 1,000,000 microphots.

18. I milliphot = o.ooi phot = 0.929 foot-candle.

19. I foot-candle = i lumen incident per square foot = 1.076 milliphots =
10.76 lux.

20. I lambert = i lumen emitted per square centimeter of a perfectly

diffusing surface.

21. I millilambert = o.ooi lambert.

22. I lumen, emitted, per square foot* = 1.076 millilamberts.

23. I millilambert = 0.929 lumen, emitted, per square foot.*

24. I lambert = 0.3183 candle per square centimeter = 2,054 candles per

square inch.

25. I candle per square centimeter = 3.1416 lamberts.

26. I candle per square inch = 0.487 lambert = 487 millilamberts.

68. Symbols.—In view of the fact that the symbols heretofore

proposed by this committee conflict in some cases with symbols

adopted for electric units by the International Electrotechnical

Commission, it is proposed that where the possibility of any con-

fusion exists in the use of electrical and photometrical symbols,

an alternative system of symbols for photometrical quantities

should be employed. These should be derived exclusively from

the Greek alphabet, for instance

:

Luminous intensity T

Luminous flux "^

Illumination P.

N 69. Mechanical Equivalent of Li^ht.—As a standard value for

the mechanical equivalent of light, the figure 0.0015 watt per

lumen is recommended.

N 70. Visibility.—The following values for visibility and for

relative visibility (maximum visibility being taken as unity) are

recommended

:

Perfect di£fusion assumed.
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Visibility of radiation, average normal eye
,

* «
^

Relative to Absolute
Wave length (|li|ia) that at 556 /m/u, (I.umens per watt)

400 0.0004 0.3

10 .0012 0.8

20 .0040 2.7

30 .0116 •].']

40 023 15.

450 0.038 25.

60 .060 40.

70 .091 61.

80 139 93-

90 .208 139.

500 0.323 215.

10 484 323-

20 .670 447.

30 836 557.

40 .942 628.

550 0.993 (j62.

60 .996 664.

70 952 635.

80 870 580.

90 757 505.

600 0.631 421.

10 503 335.

20 , 380 253.

30 262 175.

40 170 113-

650 0.103 69.

60 059 39-

70 030 20.

80 016 10.7

90 0081 54

700 0.0041 2.-]

10 0021 1.4

20 .0010 0.67

30 00052 0.35

40 00025 0.17

750 0.00012 0.08

60 .00006 0.04
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REPORT OF COMMITTEE ON I.IGHTING
IvEGISIvATlON*

BY Iv. B. MARKS, CHAIRMAN.

The duties of this committee as outHned in the Transactions

of the Society, are to prepare digests of laws on illumination,

prepare codes of lighting in special fields and co-operate with

other bodies in promoting wise legislation on illumination.

During the past year the work of the committee has been

directed chiefly to the following:

Pennsylvania and New Jersey Codes of Lighting Factories,

Mills and Other Work Places.—These codes were revised early

in the year to conform with the revised code of the Illuminating

Engineering Society, with special reference to the requirements of

intensity of light on the work. At the time of this revision, the

suggestion was made by the Department of Labor that the fac-

tory inspectors in these states would welcome any additional tech-

nical information that would aid them in enforcing the code.

Acting on this suggestion, a course of lectures on the code re-

quirements was given in Philadelphia by Professor C. E. Clewell

of the Committee, under the joint auspices of the Pennsylvania

and New Jersey Departments of Labor and the University of

Pennsylvania. In these lectures the use of the foot-candle meter

was demonstrated. Arrangements have since been made for car-

rying out this plan of lectures and demonstrations in other states.

New York Industrial Lighting Code.—After deliberations ex-

tending over the period of a year, the New York State Code of

Lighting Factories and Mercantile Establshments was adopted

and became effective July i, 1918. In general, the provisions

follow closely those of the Illuminating Engineering Society code,

the chief differences being as follows : The New York State code

specifies a minimum of i.oo foot-candle (instead of 1.25 foot-

candles) for rough manufacturing operations and includes an

additional sub-division of 0.50 foot-candle for work not requiring

discrimination of detail ; it specifies a minimum height of 20 ft.

for unshaded lamps except where such lamps are used for a tem-

porary decorative purpose ; it specifies a minimum of 0.25 foot-

* Report presented at the 12th Annual Convention of the Illuminating Engineering
Society, New York, N. Y., October 10, 1918.
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candle for emergency lighting. The foregoing requirements are

mandatory. In an appendix to the code is given a table of mini-

mum intensities proposed for several hundred industrial opera-

tions and processes ; this classification is tentative, but the Indus-

trial Commission proposes to make these intensity requirements

mandatory on July i, 1919, if after public hearing and a year's

experience these values are found to be adequate and just.

Ohio Industrial Lighting Code.—Owing to the illness of the

Chairman of the I^ighting Code Committee of the Industrial Com-
mission of Ohio, there has been a protracted delay in the com-
pletion of this code. Several public hearings have been held and
according to latest advices, substantial agreement has now been

reached as to the provisions of the proposed code.

Wisconsin Industrial Lighting Code.—This code in its original

form did not contain any specification as to intensity of illumi-

nation on the work. The code was revised in 1918 and now con-

tains requiriments both for natural and artificial illumination

intensities. The requirements for artificial lighting follow closely

those laid down in the Illuminating Engineering Society code.

Two new "general orders" of special significance have been in-

cluded, as follows

:

Lamps suspended at elevations above eye level less than one-

quarter their distance from any position at which work is per-

formed, must be shaded in such a manner that the intensity of

the brightest square inch of visible light source shall not exceed

75 candlepower.

Exception : I^amps suspended at greater elevations than 20 ft.

above the floor, are not subject to this requirement.

Lamps for local lighting must be shaded in such manner that

the intensity of the brightest square inch presented to view from

any position at which work is performed, shall not exceed 3
candlepower.

The Industrial Commission proposed to try out these regula-

tions and to modify them as experience may dictate.

Insurance Rating Schedule in Factory Lighting.—Conferences

were held with insurance companies and with the Workmen's
Compensation Bureau, looking to the establishment of standards

for factory lighting in the rating schedule. Up to the present

time, the intensity of illumination on the work has not been
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accepted by the insurance underwriters as a basis for rating fac-

tory lighting installations. The Sub-Committee in charge of this

matter made the following recommendation

:

The foot-candle method for establishing factory illumination

standards should be used, making readings with a foot-candle

meter or similar device
; % foot-candle intensity, 30 in. from the

floor should be designated as a minimum standard for accident

prevention lighting in aisles, passageways, stairways and other

open parts about a shop where employees are obliged to travel.

It is pointed out by the sub-committee that exception should be

made in certain industries, such as founding and in buildings

having dark floors and walls where J4 foot-candle is too low ; a

higher intensity up to i foot-candle is desirable in such cases.

Safety Codes.—The Committee co-operated with the American

Museum of Safety, the U. S. Employees Compensation Commis-

sion and the Bureau of Standards in connection with a safety

code subsequently prepared by the Bureau of Standards, for the

safety engineers of Federal arsenals and navy yards. The light-

ing provisions of this code, which was recently issued, are based

upon those in the revised factory lighting code of the Illuminating

Engineering Society.

Further co-operation with the Bureau of Standards is now in

progress in connection with the National Electrical Safety Code

requirements for the illumination of subways, switchboard rooms,

power stations and sub-stations, storage battery rooms, and other

places where electrical equipment is operated.

Headlighting Legislation.—A digest of existing laws and ordi-

nances relating to headlighting in the different states and in sev-

eral municipalities has been prepared. Conferences have been

held with legislators and others in connection with the revision of

present laws and the enactment of new laws relating to head-

lighting.

The New York State highway law in relation to lights on

motor vehicles was amended in May, 1918. The specifications

upon which the amendments were based were prepared by the

Committee on Automobile Headlighting Specifications of which

Dr. C. H. Sharp is Chairman. These specifications and amend-

ments will be reported elsewhere in the Transactions. It is

believed that the adoption of the provisos as given in the amended
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law will result in the amelioration of conditions in three ways:
first, by forbidding undue or dangerous glare resulting from the

misuse of otherwise acceptable equipment; second, by condemn-
ing equipments which produce a glare that is greater than should

in any case be tolerated ; third, by setting up a numerical stand-

ard according to which the acceptability of headlight devices

under the law can be determined by photometric tests.

The specifications for headlight tests were issued by the Sec-

retary of State on June 25, 1918. Copies of the amended law and
of the specifications for tests may be obtained upon application

to the office of the Secretary of State, Albany.

Early in the year the services of the committee were offered

to the United States Railway Administration and to the Inter-

state Commerce Commission, in connection with the possible

revision of the regulations relating to railway vehicle headlamps.

The sub-committee having this matter in charge has submitted a

report of progress.

Code of Lighting School Buildings.—The Code of I^ighting

School Buildings was completed and published in the Transac-
tions (Vol. XIII, No. 3) in April, 1918. This code is issued by

the Society in separate pamphlet form. Copies have been placed

in the hands of state and municipal authorities interested in the

lighting of school buildings.

Co-operation with Other Committees.—The co-operation and
assistance of the School Lighting Committee, the Committee on

Automobile Headlighting Specifications, and of other technical

committees of the Society, and in particular, the valuable ser-

vices of the President, are gratefully acknowledged.

The appended list of sub-committees undertook the work in

special fields as indicated.

Suh-Committees:

Wisconsin Code: Ward Harrison, Chairman.

Insurance Rating Schedule : R. E. Simpson, Chairman.

National Electrical Safety Code : Clarence ly. Law, Chair-

man.

Railway Vehicle Headlamps : M. Luckiesh, Chairman.

Pennsylvania and New Jersey Codes: Messrs. C. E.

Clewell and R. ff. Pierce.

Respectfully submitted. For the Committee,

ly. B. Marks, Chairmmt.
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STATEMENT CONCERNING THE WORK OF THE
DIVISIONAE COMMITTEE ON LIGHTING-

COUNCIL OF NATIONAL DEFENSE *

The Divisional Committee on Lighting was created by the

Committee on Labor (including Conservation and Welfare of

Workers) of the Advisory Commission of the Council of National

Defense. The members of the lighting committee v^ere nomi-

nated by the Illuminating Engineering Society and appointed by

Mr. Samuel Gompers, Chairman of the Committee on Labor.

The scope of the work of the lighting committee, as set forth

by the Committee on Labor, is to assist in maintaining and im-

proving the working and living conditions of industrial and

public employees from the standpoint of lighting. To this end

the lighting committee, shortly after its appointment last year,

submitted to the Committee on Labor a Code of Lighting for Fac-

tories, Mills and Other Work Places, abstracted from the revised

code of the Illuminating Engineering Society. This code was

accompanied by a prefatory note setting forth the advantages of

maintaining high standards of lighting in industrial establish-

ments. The first edition of this code was printed and published

by the Committee on Labor, W^ashington, in April, 19 18. Copies

of this pamphlet have been placed in the hands of the labor and

industrial commissioners of the various states with a view to

ultimately putting the code into operation in every state in the

union.

To carry out this program most expeditiously, a representative

of the Divisional Committee on Lighting was selected for each

state. Appointments of state representatives have been made for

thirty-five states, the list of which is appended. Other appoint-

ments have been delayed pending the return of Chairman Gom-

pers from Europe.

The proposal to introduce this code has met with favor in most

of the states, and in several the legislative enactment of the code

is now under consideration; as a rule, however, the state indus-

trial boards have been reluctant to advocate legislative enactment

until the rules have been tried out in practice for a longer period

* vStatement presented before the 12th Annual Convention of the Illuminating Engi-

neering Society, New York, N. Y., October 10, 1918,



DIVISIONAIv COMMITTEE ON LIGHTING 529

of time. The experience of Pennsylvania, New Jersey, Wiscon-

sin and New York, where industrial lighting codes are in force,

will serve as a guide to other states.

The state representatives have conducted a local campaign of

education as to the need of the code and have co-operated directly

with the commissioners of labor and industry in their respective

states. The code has been circularized among manufacturers, and

in some states illustrated lectures have been given to more fully

elucidate the principles upon which the code is based. The rules

of the code have been published in many technical and trade pub-

lications throughout the country. The members of the commit-

tee have also co-operated with the Committee on War Service of

the Illuminating Engineering Society in effectively distributing

the pamphlets on protective lighting. In this way the propaganda

of good lighting has been spread far and wide and the way has

been paved for the adoption of some form of lighting code where

heretofore the matter had not been given serious thought.

The work of the Divisional Committee on Lighting has been

an amplification of the work of the I. E. S. Committee on Light-

ing Legislation, carried out under Government auspices. The
immediate responsibility for carrying out the plans of the Com-
mittee is vested in an executive committee whose names are

appended.

Plans are now under way to issue a second edition of the code

in which a set of illustrations specially prepared for the purpose

will be included.

For the Divisional Committee on Lighting,

L. B. Marks, Chairman,

C. E. Ci<EWEi.iv,

A. S. McAl^USTER,

Preston S. MiIvI^ar,

Wm. J. Serrii.1.,

G. H. Stickney.
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INTERNATIONAI^ COMMISSION ON ILLUMINATION.

state:ment on behalf of u. s. nationai, committee*

by edw. p. hyde, president.

It is significant, I think, to refer at this time to the article in

the statutes of the International Commission with respect to the

objects of the Commission, of which one is "to establish, by suit-

able means, international understanding on questions of illumina-

tion."

It is significant to consider this statement, in view of the fact

that those statutes were drawn up it the organization meeting

of the International Commission in Berlin in the Fall of 1913,

when the stage was all set for the world war. And yet, it is my
judgment that the organization of such International Commis-

sions, which have for one of their objects the bringing about of

international agreement, is a very potent factor in making im-

possible such a world war as that in which we now find ourselves.

The insane cravings of the war lords of Germany had to be

gratified, however, and the International Commission on Illumi-

nation was organized, and then ceased its activities. Indeed, the

war came so quickly that the Secretary's office in London was

not able to get into shape to do business, and whatever inter-

national activity there has been, has been of a semi-official nature.

Several feelers were put out by the National Committee of the

United States, in the hope of keeping open the lines of communi-

cation, but those feelers were nothing more than feelers, and

practically no result has been accomplished.

It has been thought wise, however, by the National Committee,

to keep itself intact. During the days of our neutrality, we had

the hope that when the war was over, we would be in a position

to take the initiative in the reorganization or the revivifying, I

might say, of the International Commission, but since the United

States has itself come into the war, I do not know whether that

opportunity will be open for us or not. The best we can do,

however, is to continue to render those services which we can,

to stimulate interest where we can, and to pave the way for pre-

* statement presented before the 12th Annual Convention of the Illuminating Engi-

neering Society, New York, N. Y., October 10, 1918.
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senting material that can be presented at the first technical meet-

ing of the International Commission, should the International

Commission reform, which it is our ardent hope that it may do.

There are two or three lines of activity in which the United

States National Committee has interested itself as activities in

which the International Commission would logically be inter-

ested. One of them had to do with the standardization of names

and units. How far this country has gone is indicated by the

report which has just been presented by Dr. Sharp, and I think it

is fair to say that we have gone so far beyond any other country,

that the report of this committee will furnish at any reasonable

time from now, a starting point for future international discus-

sions.

Another matter in which the National Committee was inter-

ested was the accumulation of legislative enactments—data re-

garding legislative enactments in the various countries, and a

resolution had already been passed in the National Committee of

the United States, to endeavor to secure the compilation of such

information. Unfortunately, that activity was discontinued, but

I think that it would be a good thing if we in this country should

resume it as one in which we are sure the International Commis-

sion will be interested when the war is over.

A third activity which the National Committee undertook was

the stimulation of research along those lines in which we thought

the International Commission would be interested, and though

nothing in a very formal way has been accomplished, the com-

mittee has been successful in stimulating research, and some ex-

cellent results have been obtained.

The International Commission was organized as a result of

overtures which were made by the American Gas Institute, with

the co-operation and support of other technical societies in this

country and abroad, which caused the reorganization of the old

International Photometric Commission into the International

Commission on Illumination. And let us hope that notwithstand-

ing the fact that we are one of the participants in the war, we
may be ready to repeat the effort which we made before, and do

our part in bringing about the rebirth of the International Com-
mission on Illumination, which I think should have very impor-

tant and very valuable functions to perform.
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STATEMENT CONCERNING WAR COMMITTEE OF
TECHNICAL SOCIETIES.*

BY CAPT. LIvOYD M. SCOTT.

The Committee consists of two representatives from each of

the ten largest technical and scientific societies, including the

Illuminating Engineering Society, and functions directly with the

Army. The Chairman of the Committee has been made a mem-
ber of the National Research Council and of the Naval Consult-

ing Board; three army officers have been appointed to liaison

service with the latter board. Thus, there is formed something

like an interlocking directorate, whirh is equally as effective in

military and naval affairs as in business. The present office of

this Committee is in Washington, D. C, where it comes in inti-

mate touch with the Inventions Section of the General Staff and

thereby all problems likely to be submitted.

The present war has called into service every branch of science

from astronomy to zoology, and it is thought that by scientific

training, directed into a particular channel, the latent talent,

which the Yankee is known to possess, will give startling results.

Although a certain percentage of the plans and inventions sub-

mitted are in a class with the "Perpetual Motion" machine, as

regards possibility and practicability, many inventions—neces-

sarily kept secret—are being employed at the present time in the

prosecution of the war. The General Staff has arranged to let

the wants of the Army along lines of invention, some of which

are problems of lighting, be known to the scientific men of the

country. When solutions are evolved, military technical exam-

iners of the Army War College pass on them and submit them to

the departments in need of the particular devices.

Problems naturally fall into three classes

:

Those of a confidential nature, which can only be sent to

specialists; those of a character which would indicate that they

should be sent to specialized groups; those that are of a general

nature and about which any man in scientific work may have a

flash of genius which will solve them.

The object to be accomplished is to so speed up the scientific

inventive genius of the country as to beat the Hun.
• statement presented before the 12th Annual Convention of the Illuminating Engi-

neering Society, New York, N. Y., October 10, 1918.
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ABSTRACT—RESEARCH OF AMERICA.*

BY COI^ONElv R. A. MIIvI^IKAN.

Colonel Millikan, after outlining various relations of the Na-

tional Research Council, at Washington, depreciated the preva-

lence in our newspapers of ''Spread Eaglism"—or American Brag.

We are doing a great work ; we are making important sacrifices,

but they are not comparable as yet with those of our Allies. Our
total casualties up to the present time are about on a par with

Great Britain's list for one week.

ILLUMINATING ENGINEERING SOCIETY REPORT ON
AVIATION FIELD LIGHTING.

In accordance with the usual practice the report was not

adopted as a whole, but was made available to the officers of the

Signal Corps so that such parts as met their immediate needs

could be applied.

As it was deemed expedient to train aviators under mobile con-

ditions, such as they would encounter abroad, no permanent fields

were being established. Parts of the report which applied to a

permanent field were therefore not used. The plans for building

illumination, on the other hand, were immediately applied.

FUNCTIONS OF THE NATIONAL RESEARCH COUNCIL.

The National Research Council is a clearing house for research

activity and a stimulator of new activities. It does not plan to

do research work itself, but, rather, to get research done through

the utilization of existing agencies or through the creation, if

need be, of new agencies. It does iiot strive to retain control of

such agencies when created. Its business is to start things. Thus,

it started the Sound Ranging Service, which is now under con-

trol of the Engineer Corps. It was responsible for the creation

of the Science and Research Division of the Signal Corps, which

is now independent of the Research Council. It assisted largely

in initiating the anti-submarine work of the Navy, but the con-

trol of that work is in the hands of the Navy. Its work is, and

forever should be, that of the pioneer who is eternally blazing

* Address presented before the evening session of the 12th Annual Convention of the

Illuminating Engineering Society, Hotel McAlpin, New York, N. Y., October 10, 1918.



534 TRANSACTIONS I. E. S. VOI.. XIII, NO. 9, DEC. 30, I918

the trail, but leaving to other hands the cultivation of the regions

already won.

A second function is to act as a co-ordinating agency between

army, navy and civilian research bodies. In its war work, the

United States is the only one of the major belligerents which has

not a central Board of Inventions and Research. Its war research

is carried on under every bureau of the Army and Navy, the

National Research Council acting as the one link to bind them

all together, and to connect the representatives of all these

bureaus with the various committees of civilian bodies, such as

the Committee of the Illuminating Engineering Society, so as to

make available the suggestions that such committees may have.

AMERICAN CONTRIBUTIONS TO WAR SCIENCE.

With regard to the contribution to science of the nations at

war, it should be noted that with over twice as many people as

Great Britain, we have not an equal number of scientists of first

calibre. Our populace in general does not appreciate science on

the scale of our European competitors. We are not really inter-

ested in, nor do we show appreciation of science and its place in

human history. With many more available men, the United

States is not comparable either to Great Britain or to France in

the number or importance of its research contributions to the

war. Nevertheless, we are doing much good work and some of

it is of first importance.

RESEARCH AFTER THE WAR.

With our form of government and our intense individualism,

it is more difficult than it is in an autocracy like Germany to make

the whole country pull together and subordinate its individualistic

tendencies to a common end. Nevertheless, some of our recent

accomplishments give us ground for the greatest satisfaction and

the greatest hope. For example, our handling of the liquor prob-

lem, of conscription, of fuel saving.

Competition following the war will be pitiless. The nation

that fails to apply advanced scientific knowledge in boundless

measure will be hopelessly handicapped. The United States must

not lag behind in research work. The next few years should see

a mighty advance along this line. It will require organization.
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It will require, above all, the development of research men. This

will necessitate the development of some new types of research

institutions, and above all we must find means to induce men to

enter the scientific field. Great Britain, for instance, has made a

magnificent investment in the form of scholarships. Such a

procedure is vitally necessary to the commercial life of the

United States, if she is to maintain a leading place among the

nations.
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ABSTRACT—LIGHTING AND THE WAR PROGRAM *

BY O. MONNETT OF THE; U. S. FUEL ADMINISTRATION.

In his introduction, Mr. Monnett explained the necessity for

the restrictions of the Fuel Administration. Many people not

understanding the reason for these rules, have questioned their

desirability. The country, as a whole, however, has shown a

wonderful spirit of co-operation.

In the last analysis this war, whether considered from the view-

point of ships, shells, machinery or industry, is based on coal

—

on the coal supply. Coal is necessary to manufacture the shell

and to manufacture the gun to fire it. At Verdun alone, the

French fired over 60,000,000 shells—a total tonnage of 1,800,000

tons of steel. To make one ton of steel in the form of shells

requires 5 tons of coal. Coal is necessary to build the ship—and

to run the ship after it has left the ways. A 3,000-ton transport

takes 8,000 tons of coal in the building. From then on its demand

for coal is continuous.

The production of war munitions depends directly upon the

rate of production and rapidity of transportation of coal. We
are producing more coal now than ever before—and with a

smaller army of miners. Out of 720,000 miners, 60,000 have

been taken by the draft, while many others have been drawn to

the war industries. In spite of this our last year's coal production

increased 10 per cent. All other warring nations have shown a

decrease in their coal supply. We are keeping the miner at his

job and are making him realize the importance of his role. The

miner himself is a man who is hard to control, that is, he wants

to enlist; the attitude of the Fuel Administration to-day is that

every miner is as important in his work as the man in the front

line trenches.

The extent of the coal industry is hard to realize. One-third

of all tonnage moved is coal ; it cannot be taken care of in a few

days; it is an entire year's job. Transportation, with the loss of

serviceable men in the draft and the additional tonnage needed

by war munitions, is another big proposition. At the maximum
* Address presented before the evening session of the 12th Annual Convention of the

Illuminating Engineering Society, Hotel McAlpin, New York, N. Y., October 10, 1918.
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rate of production and transportation, we will mine 700,000,000

tons of coal this year—^which amount, mammoth as it is, will be

short 50,000,000 tons. To reduce that shortage, we are cutting

out all leaks—all dissipation of energy. It is said that the illumi-

nating industry takes 12,000,000 tons of coal per year. Even a

3 per cent, saving is a mighty step in conservation. It would

save enough coal to fight a battle like the St. Mihiel. The
psychological effect of this saving is even of greater importance.

A blaze of light creates the impression that things are all right

after all. This is not the idea we desire. We want the strength

of purpose that holds that nothing is all right until the Hun has

received his knockout blow.
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ABSTR.\CT—THE AUTOMOBILE HEADLIGHT.*

BY .VRTKUR H. FORD.

The illumination produced by a point lig^ht source in a para-

bolic mirror is briefly discussed, v. i:h rec: re :c :he e:rec: of mov-

ing the light source away fro:.. : .e : cu-

This is followed by 2 c:i'cm' i: ::: : :he ::ece^^:^^\ relative rear::

intensity, at dittere::: : c e^ :::::: :::e :ixis 0: :he re:^e:::r, re-

quired to give a u::::cr::: lu::ri::^:i::: ::::e::5 :y. :.:7::.:.\ :c- rlie

beam, at various places on a road 30 ft. wide: r.he axis of the

reflector being parallel to the center of the r:.\i Ar. ;1 ;.:-: A:ove

it. This calculatio:: -h: v5 ::\\: :he lines oi e .: r^::: :::r::-::y

should be horizc::: A ::i he: :he :ea:" i:::e:;^:y ^: ::1^ :::rr re

as the angular a:>:^nv:e :rc::: :::r axis y.:-: rel:..- :l;e l.^:::r de-

crc-i-c^. The width 0: the r:Ai l:c-t:ei ^: wiri:.::^ c:-:A::ce5 by

a beam of given spreai :> ^1-: cAlc-.:l.\:ei. 7::ere c.^1:. \: :::- ~:ve

a means of comy:\r:::^ :he rhare 0: :he l-^h:ed held ::::;::eA rr.

a 5:ree:: :::r:x,-l :: :;:e axis 0: :he renecrrr "/.i:h :i":e iilumination

to be expec:c: :: :hr -: -^ r.iriace.

\'zr.::.^ :r.z:,::- :::'
; r; ^-.icxtc :re defired rl^ye c: lig-hied held

are tiien c:r:u-rc:. '. :;e ::"-::::i ;:r rr:c-.::;::^ ::::r rcrul: i- :he

use of a 5:rAic: : 1 :riz::::\i -1^:::^::: ::h :\x:r a: r:^h: ^::^lc- :

the axis :: :i"-r rer.e:: :r :-.r.d just above :::e :::ur. A r.e/.cAl

filame::: h:i\:::g i:r axis co::::: ient with the focur :: htc re::c:::r

will produce ef-er..! ;11;. ::.e der^red rtree: ilh:r..:r..\hon. but will

throw more thar. 1 .1: he lie t e 1 e xi of the headlight,

where i: i^^ n~: rr^:: •::i 1 err :: - : r :: :i "v :^^-ectionable

because 0: :l::e ^.liUviutg ehec: c:: criver:: c: r.:rr:::c vehicles.

These defects can be overcome by the use of prisr.- .v: :r:r.:- on

the headlights. Su:i. :r r r :: ust be carefully d _ i and the

lamps properly adjusted :: tie iv-. r 1 e~cr: is to :r iuced.

Screen illumination pr h.:ei :y l:::r. ps having various tilament

rs and used with various t}-pe< oi prismatic and lenticular

..c rh' r':-:^":? are shown.
*

: :T~r ..e-i before the Chicago Section of Uie nhiniinating Bnginecring

r cago. UL. December 13, 1917.
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ANNUAL REPORT OF THE COUNCIL FOR 1917-1918*

BY THE GENERAL SECRETARY.

The past year of the Society's endeavors, the twelfth since its

inception, has been marked with achievements and success not-

withstanding the unusual trying conditions brought about by cir-

cumstances due to the war. At no time, do the past records show,

have we been called upon for so many activities, or have such

opportunities to broaden our usefulness been presented. It is,

therefore, with a feeling of satisfaction that we can look back

upon a year of such accomplishments.

COUNCIL.

The Council of the Society during the past fiscal year held nine

consecutive regular monthly meetings, and was represented dur-

ing three summer months, July, August and September, by the

Council Executive Committee, which transacted the affairs of

the Society during that period. The attendance at the meetings

was all that could be hoped for considering the national emer-

gency and stress of business to which all have been subjected

recently. The supervision of the affairs of the Society was car-

ried on with the same degree of earnestness that has always been

characteristic of your officers.

MEMBERSHIP.

The membership of the Society during the 1917-18 fiscal year

shows some changes, and at the expiration of the period the

statistics show a net loss of 37 members, or 3 per cent, of the

total at the beginning of the year. Your Membership Committee

has done excellent work in distributing propaganda, endeavoring

to secure new members, and their results have been successful

although the number of new members secured did not balance

those that resigned or were dropped. The number of sustaining

members has increased slightly. The following table gives the

membership statistics for the year according to Sections, divided

into members and associate members.
* Report presented at the 12th Annual Convention of the Illuminating Engineering

Society, New York, N. Y., October 10, 1918.
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Our members in military service, numbering approximately

100, are carried on the membership roll during the period of the

war without payment of dues, and in cases where these members
requested it, their dues for the past year have been refunded to

them.

FINANCES.

At the beginning of the administration a budget was prepared,

as is usually the custom, showing the income and expenses antici-

pated for the year, and as the prospect for a growth in member-

ship was bright, meaning additional revenue, a liberal allowance

was made for both receipts and expenditures. As the year pro-

gressed, however, it became evident that the prophesies were not

correct and as a result of the changes, and in consequence of

reduced revenue, the new condition of affairs was presented to

the Council early in the year. Certain committees and the Gen-

eral Office were asked to make earnest endeavors to minimize

and curtail expenses as much as possible. All entered into the

spirit of co-operation and as a result of these efforts, without

affecting whatever the benefits to the membership, the condition

of the finances at the expiration of the year shows a safe balance.

The annual report of the auditors is appended.

SECTION DEVELOPMENT.

The section work for the year taken altogether shows some-

what of a decline in the activities. This is undoubtedly due to

conditions governed by local circumstances. The attendance at

meetings has fallen off as compared with the year previous. The

number of papers presented was slightly less, and the number of

meetings held were fewer. This situation should not be construed

as indicating any lack of interest on the part of the membership,

but rather a reflection upon our activities that should be expected.

There has been some discussion as to the advisability of chang-

ing the period between meetings, making the intervals longer

than a month. This was brought about by the fact that two

Sections experienced difficulty in securing an attendance of suffi-

cient size to warrant the expense involved in holding a meeting.

Whether or not any change is advisable during the war period

depends upon the feeling of the local boards. It is a question,
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however, that should merit the serious consideration of the in-

coming administration.

The situation regarding the Pittsburgh Section has been rather

alarming, and the present administration closes with a local Board

of Managers divided among themselves as to whether or not the

Section should be continued. During the past year two meetings

have been held, one in Cleveland and one in Pittsburgh. Both

were well attended, the former being an all-day session. An
extract from the local Secretary's report is of interest: "It is

evident, however, from an analysis of the members in the Pitts-

burgh District that a very high percentage are not available for

the work of the organization in promoting meetings and keeping

up attendance and discussions. Such of those as are in Pitts-

burgh or the near vicinity are in most cases engaged in other lines

of engineering work, in which illumination is not of first impor-

tance, as compared with some of their other interests. The Sec-

tion has also suffered severely from changes in the personnel in

this vicinity. In consequence of this condition, it was impossible

to promote additional meetings or in fact to carry on any meet-

ings in Pittsburgh, except one of essentially war interest, which

would be of vital help to manufacturers. For this reason, it is

believed by the Board of Managers of the Section that further

meetings of the Pittsburgh Section on a regular schedule should

be postponed until conditions are more favorable." The desira-

bility of eliminating the Section or changing its location to some

other city where the interest of the membership may be more

pronounced, should be considered at an early date.

At the beginning of the administration the New England Sec-

tion activities showed evidence of decline because of the absence

of the officers of the local Section. It is a pleasure to report,

however, that the new management has shown every indication

of re-establishing conditions to a normal basis. The following

data regarding Sections is of interest.

Pittsburgh Phila. New York New Eng. Chicago

Number of meetings 28819
Number of papers... 79819
Expenses $181.72 $367.12 $47408 $109.15 $326.52
Members 100 303 474 94 326
Cost per member for

Section expense... $1.81 $1.21 $1.13 $1.16 $2.38

New local representatives have been appointed during the year,
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making a total of 37. Much interest has been manifested by these

members, there having been arranged several meetings under their

auspices in well distributed locations throughout the country. In

addition to representatives in this country, there are local repre-

sentatives now in South Africa and Canada.

The Transactions of the Society have been published regu-

larly, consisting of nine numbers, and incorporating the follow-

ing material

:

Number of papers with discussion 33
Number of abstracts 4
Number of pages of Society notes iii

Number of paid advertisements 113

Number of pages of advertisements 72

The Papers Committee reports that the distribution of the

year's technical papers among Sections and before the Society at

large was as follows

:

Correspondence Convention , 25

Presented before Chicago Section 9
Presented before Philadelphia Section 9
Presented before Pittsburgh Section 7

Presented before New York Section 8

Presented before New England Section i

Presented before Society at large i

In addition to this there were other papers presented before

the Sections which did not appear in the Transactions.

GENERAL OFFICE.

During the past year several changes have been made in the

personnel of the General Office staff. Your former Assistant

Secretary has resigned to engage in war work. It was deemed

advisable to appoint in his place Miss Ruth A. Fischel, who has

been an office assistant in the General Office for the past three

years. The appointment of a woman as Assistant Secretary is

unusual, but under the circumstances and as a war measure, it

was thought advisable to make such a decision, thereby releasing

a man for other duties in connection with the prosecution of the

war. This action v/as taken after considerable deliberation, and

we were fortunate in having on the office staff a woman who
has given all indications of making a very successful Assistant

Secretary.
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The principal work of the General Office during the past year

has been in connection with the editing and publication of the

Transactions, correspondence with the membership, preparation

and furnishing of data necessary to the activities of the various

committees, the handling of all finances, and bookkeeping. Con-

siderable work has also been done incidental to the successful

operation of the Sections. Owing to the unavailability of the

Chairman of the Editing and Publication Committee during the

latter part of the administration's fiscal year, all of the work

involved under this committee's jurisdiction, which is the super-

vision of the editing and publication of the Transactions and

the work incidental thereto, was handled by the General Office.

COMMITTEES.

During the past year there were 22 committees appointed by

the President and the Council. The work of these various com-

mittees for the past year has been very commendable. An unsel-

fish devotion evidenced by their attendance at meetings or atten-

tion to details of correspondence has been displayed. Under the

leadership of carefully selected, exprienced and well-informed

chairmen, the work has progressed with satisfaction and recog-

nition. Notably among the committees that have accomplished

results are the Lighting Legislation and War Service Committees.

The success and accomplishments have been due in a large meas-

ure to the energetic leadership of their chairmen, and the recogni-

tion attained through the various State and Federal governmental

authorities through the instrumentality of the representatives of

these committees should be a further incentive to extend all our

resources, scientific, educational and financial, toward the promo-

tion of our ideals.

APPENDIX.

October 7, 1918.

Illuminating Engineering Society,

29 W. 39th St., New York.

Gentlemen :

In accordance with your instructions we have examined the books and

accounts of the Illuminating Engineering Society for the twelve (12)

months ended September 30, 1918.
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The results of this examination are set forth in two exhibits, attached

hereto, as follows

:

Exhibit "A"—Balance Sheet, September 30, 1918.

Exhibit "B"—Earnings and Expenses, for the twelve months ended
September 30, 1918.

We certify that, in our opinion, the Balance Sheet is correct, that the

statement of Earnings and Expenses properly sets forth the results of the

operations for the twelve months ended September 30, 1918, and that both

are in agreement with the books.

Respectfully submitted,

Wm. J. Struss & Co.,

Certified Public Accountants.

Bai^ance Sheet, September 30, 1918.

Exhibit "A."
Assets.

Cash on hand and in bank $ 2,540.13

Liberty Bonds 2,000.00

Accounts Receivable

:

Advertising $ 71.61

Sustaining Members dues 180.00

Associate Members dues 40.00

Fees 15.00

Transactions 1 1-95

Miscellaneous 12.00 330.56

Furniture and fixtures 713.95

$ 5,58464

Liabilities.

Advance dues $ 103.50

Advance fees 7.50

Reserve for unpresented items 350.00

Surplus

:

September 30, 1917 $3,766.42

Adjustments prior period 136.23

$3,902.65
Net profit for the twelve months ended Sep-

tember 30, 1918 1,220.99

Surplus September 30, 1918 5,123.64

$ 5,584.64
10
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Statement oe Earnings and Expenses eor the Twelve Months
Ended September 30, 1918.

Exhibit "B."

Barnings.

Members dues $3,287,19

Associate Members dues 4,092.50

Sustaining Members dues 3,985.00

Initiation fees 285.00

Advertising sales 966.12

Transactions 628.21

Miscellaneous sales 438.13

Interest earned 95-56

Back dues and fees 69.92

Total $13,847.63

Expenses.

Transactions $3,254.31

General Office

:

Salaries $3,012.55

Rent 1,221.56

Printing and stationery 1,012.27

Postage 248.78

Telephone 163.06

Miscellaneous 337-97 5,996.19

New York Section 474.08

Philadelphia Section 367.12

Chicago Section 326.52

Pittsburgh Section 181.72

New England Section 109.15

Committee expense 172.58

Convention expense 603.93

Miscellaneous expense 1,061.72

Depreciation furniture and fixtures 79.32

Total $12,626.64

Excess of Earnings over Expenses $ 1,220.99
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